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advertisement. 

P Jrt of the enfuing Difcourfe about Light was written 
at the dejire of fome Gentlemen of the Royal Society 
in the Tear 1675. and then fent to their Secretary, and 
read at their Meetings , and the reft was added about 
Twelve Tears after to complete the Theory ; except the 
Third Book, and the laft Propofttion of the Second, which 
werejince put together out of fcattered P apers. To avoid 
being engaged in Bifputes about thefe ^Matters, I have 
hitherto delayed .the Printing , and Jhould ft til have de- 
layed it, had not the importunity of Friends prevailed upon 
me. If any other Papers writ on this Subject are got out 
of my Hands they are imperfect, and were perhaps written 
before I had tried all the Experiments here jet down, 
and fully fatisfiedmy f elf about the Laws of Refractions 
and Compofition of Colours. I have here Puhlifhed what 
1 think proper to come abroad, wifhing that it may not be 
Tranftated into another Language without my Confent . 

The Crowns of Colours , which fometimes appear about 
the Sun and Moon, I have endeavoured to give an Ac- 
count of ; but for want of fufficient Objervations leave that 
Matter to be further examined. The Subject of the Third 
.Book I have alfo left imperfect, not having tried all the 

Expe - 




Experiments which I intended when I was aboutjhefe 
Matters, nor repeated fome of thofe which I did try , 1 mil 
I had fatisfied my f elf about all their Circumftances. To 
communicate what I have tried, and leave the reft to 
others for further Enquiry, is all my Dejiffi in publijhmg 
thefe Papers. 

In a Letter written toMr.Ldbmtt in the Tear i6j6, 
and publifhed by Dr. Wallis, I mentioned a Method by 
which I had found fome general Theorems about fquaring 
Curvilinear Figures , or comparing them with the Conic 
Sections , or other the Jimpleff Figures with which they may 
be. compared, And fome Tears ago I lent out a Manufcript 
containing fuch Theorems , and having Jince met with fome 
Things copied out of it, I have on this Occafim made it 
publick, prefixing to it an Introduction and fubjoyning a 
Scholium concerning that Method. And I have joined 
with it another fmall Trail concerning the Curvilinear 
Figures of the Second Kind , which was alfo written 
many Tears ago, and made known to fome Friends, who 
have foliated the making it publick. 
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. '"The FIRST BOOK 

OPTICRS. 



part I. 



M Y Defign in this Book is not to explain the Pro- 
perties of Light By Hypothecs, but to prop ole 
and prove them by Reafon and Experiments : 
In order to which , I fhall premife the following Defini- 
tions and Axioms. 

DEFINITIONS, 

DEFIN. I. 

B Y the Pays of Light I underftancl its leaf Parts, and thofe 
us mllSuccejfi've in the fame Lines as Contemporary in fe- 
deral Lines. For it is manifeft that Light confifts of parts 
both Succeffive and Contemporary j becaufe in the fame 
place you may Hop that which comes one moment , and 
let pals that which comes prefently after j and in the fame 
time you may ft op it in any one place., and let it pafs in 
any other. For that part of Light which is ftopt cannot 
be the fame with that which is let pafs. The leaft Light 
or part of Light , which may be ftopt alone without the 
reft of the Light, or propagated alone, or do or fuffer any 
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thing alone, which the reft of the Light doth not or fu£ 
ers not, I call a Ray of Light. 

DEFIN. II. 

Ref Tangibility of the Rays of Light, is their Difpofition to be 
ref railed or turned out of their Way in pacing out of one tranf- 
parent Body or Medium into another. And a greater griefs Re- 
frangibility of Rays, is their Tifpofetion to be turned more or lefs 
out of their Way in like Incidences on the fame Medium. Mathe- 
maticians ufually confider the Rays of Light to be Lines 
reaching from the luminous Body to the body illumina- 
ted, and the refradion of thofe Rays to be the bending, 
or breaking of thofe Lines in their palling out of one Me- 
dium into another. And thus may Rays and Refradions 
be confidered, if Light be propagated in aninftanr. But 
by an Argument taken from the Equations of the times 
of the Eclipfes of Jupiter’s Satellites it feems that Light is 
propagated in time, fpending in its paffage=from the Sun 
ro us about Seven Minutes of time : And therefore I have 
chofen to define Rays and Refradions in fuch general 
terms as may agree to Light in both cales. 

DEFIN. III. 

Re flexibility of Rays, is their Difpofition to be turned back into 
the fame Medium from any other Medium upon whofe Surf 'ace they 
fall. And Rays 'are more or left rejflexible , which are returned 
back more or lefs eaftly. As if Light pafs out of Glafs into 
Air and by being inclined more and more to the com- 
ffl on Surface of the Glafs and Air, begins at length to be 
totally refleaed by that Surface ; thofe forts of Rays which 
at like Incidences arc refleaed raoft copioufly , or by in- 
clining the Rays begin fooneft to be totally refleaed, are 

molt reflexible. - 



DEFIN. IV. 

Tie ’Anile of Incidence, is that Angle which the Line defcrihed 
, Ihr incident Ray contains with the (Perpendicular to the refle- 
Surface at the <Point of Incidence. 

DEFIN. V. 

The Anile of Reflexion or RefraHion, is the Angle which the 
Limde/crfhed by the refteHed or refraBed Ray contameth with 
fbe Perpendicular to the refkBmg or refraBmg Surface at the 
Point of Incidence. 

DEFIN. VI. 

The Sines of Incidence , (Reflexion , and RefraBion , are the. 
Sines of the Angles of Incidence , Reflexion, and RefraBion, 




The Light whofe Rays are all alike Refrangible , I call Sim- 
ple, Homogeneal and Similar j and that whofe Rays are fome 
more Refrangible than others , I call Compound , Heterogeneal and 
Vifmilar. The former Light I call Homogeneal, not 
becatife I would affirm it fo in all refpeds ; but becaufe 
the Rays which agree in Refrangibility, agree at leaft in 
all thofe their other Properties. Which I confider in the 
following Difcourfe. 



DEFIN. VIII. 



The Colours of Homogeneal Lights , I call Primary , Homo- 
gened and Simple 5 and thofe of Heterogeneal Lights , Heteroge- 
neal and Compound. For thefe are always compounded of 
the colours of Homogeneal Lights $ as will appear in the 
following Difcourfe. A 2 A X I- 
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AXIOM S. 

A X. I. 

T H E Angles of Incidence , deflexion, and pefrallion, lye 
in one and the fame (plane. 

AX. II. 

The Angle of deflexion is- equal to the Angle of Incidence. 

A X. III. 

If the ref railed (pay he returned direflly hack^ to the Point 
of Incidence >■ it fhall he ref railed into the Line ■ before defen- 
ded By, the incident (pay. 

AX. IV. 

(pefrallion out of the rarer Medium into the denfer , is made 
towards the Perpendicular 5 that is, fo that the Angle of (pefra- 
llion he left than the Angle of Incidence . 

AX. V. 

The Sine of Incidence, is either accurately or Very nearly in a 
given (patio to the Sine of pefrallion. 

Whence if that Proportion be known in any one Incli- 
nation of the incident Ray, 5 tis known in all the Inclina- 
tions and thereby the Refraction in all cafes of Incidence 
on the fame refracting Body may be determined. Thus 
if the Refraction be made out of Air into Water, .the Sine 
of Incidence of the red Light is to the Sine of its Refra- 
Ction as 4 to . If out of Air into Glafs, the Sines are 

as 



CO 

. ro , , In Light of ocher Colours the Sines have 
"her Proportions : but the difference .s fo httle that it 
need feldom be confidered. re f ents t h e Surface of Fig. 

Suppofe ^ r £° re ’ arl d c^ s t he P pomt of Incidence in’ * 

whichTly Ray coming in the Air from A in the Line 
A C is refleaed or refilled, and I would know whether 
this Ray (hall go after Reflexion or Refraaion : I eredi 
upon the Surface of the Water from the point of Inci- 
dence the Perpendicular C P and produce it downwards 
to O, and conclude by the firft Axiom, that the Ray af- 
ter Reflexion and Refraaion, fhall be found fomewhere in 
the Plane of the Angle of Incidence A C P produced. I 
\et fall therefore upon the Perpendicular C P the Sine ot 
Incidence A D , and if the reflected Ray be defied , Ipro- 
duce A D to B fo that D B be equal to A D, and draw 
CB. For this Line C B fhall be the reflected Ray 5 the 
Angle oF Reflexion B C P and its Sine B D being equal 
to the Angle and Sine of Incidence, as they ought to be 
by the fecond Axiom. But if the refraCted Ray be de- 
fired , I produce A D to H, fo that D H may be to AB 
as the Sine of RefraCtion to the Sine of Incidence, that is 
as 1 to 4 ; and about the Genter C and in the Plane AGP 
with the Radius G A deferibing a Circle A B E I draw 
Parallel to the Perpendicular CP Q, the Line H E cutting 
the circumference in E, and joyning C E, this Line C E 
fhall be the Line of the refraCted Ray. For if E F be let 
fall perpendicularly on the Line P Q, this Line E F fhall 
be the Sine of Refraction of the Ray CE, the Angle of 
Refraction being E G Q; and this Sine E F is equal to ■> 
DH, and confequently in Proportion to the Sine of Inci - 
dence AB as 3 to 4. 



In 
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In like manner, if there be a Prifm of Glafs (that is a 
Glafs bounded with two Equal and Parallel Triangular 
ends, and three plane and well polifhed Sides, which meet 
in three Parallel Lines running from the three Angles of 
one end to the three Angles of the other end) and if the 
Refraction of the Light in pacing crofs this Prifm be deli- 
red : Let ACB reprefent a Plane cutting this Prifm tranf- 
verfly to its three Parallel lines or edges there where the 
Light pafleth through it, and let iE be the Ray inci- 
dent upon the firft fide of the Prifm A C where the Light 
goes into the Glafs ; And by putting the Proportion of 
the Sine of Incidence to the Sine of Refraction as i 7 to 
.1 i find E F the firft refraCted Ray. Then taking this Ray 
for the Incident Ray upon the fecond fide of the Glafs B C 
where the Light goes out, find the next refraCted Ray F G 
by putting the Proportion of the Sine of Incidence to the 
Sine of Refraction as 1 1 to 17. For if the Sine of Inci- 
dence out of Air into Glafs be to the Sine of RefraCtion 
as 17 to 11, the Sine of Incidence out of Glafs into Air 
mull on the contrary be to the Sine of RefraCtion as 1 1 
to 17, by the third Axiom. 

Much after the fame manner , if A C B D reprefent a 
Glafs Ipherically Convex on both fides (ufually called a 
Lens, fuch as is a Burning- glafs, or Spectacle-glafs, or an 
ObjeCt-glafs of a Telefcope) and it be required to know 
how Light falling upon it from any lucid point Q. (hail 
be refracted, let Q.M reprefent a Ray falling upon any 
point M of its firft fpherical Surface ACB, and by erecting 
a Perpendicular to the Glafs at the point M, find the firft 
refracted Ray M N by the Proportion of the Sines 17 
to n. Let that Ray in going out of the Glafs be inci- 
dent upon K, and then find the fecond refracted Ray N q 
by the Proportion of the Sines 1 1 to 17. And after the 




AX. VI. 



Honmened ^ ays which flow from federal (points of any Oh - 
i e a and fall almoft Perpendicularly on any refleBing or ref ra- 
fting plane or Spherical Surface , fhall afterwards diverge from 
fo many other Points, or he Parallel to fo many other Lines , or 
converge to fo many other Points , either accurately or without any 
[enfible Error. And the fame thing will happen , if the <J$ays be 
refleBed or refraBed fuccejJiVely by two or three or more Plane, 
or fltherical Surfaces. 



The Point from which Rays diverge or to which they 
converge may be called their Focus. And the Focus of 
the incident Rays being given, that of the reflected or re- 
fracted ones may be found by finding the RefraCtion of 
any two Rays, as above j or more readily thus. 

Caf. 1. Let ACB be a reflecting or refracting Plane, Fig. 4,. 
and Q. the Focus of the incident Rays, and a per- 

pendicular to that Plane. And if this perpendicular be 
produced to q, fo that q C be equal to QC, the point q 
fliall be the Focus of the reflected Rays. Or if q C be 
taken on the fame fide of the Plane with Q_C and in Pro- 
portion to QC as the Sine of Incidence to the Sine of 

RefraCtion;, the point q fliall be the Focus of the refrac- 
ted Rays. 

Of. 2. Let ACB be the reflecting Surface of any Fk «r 

DoreEn° fe T ““A B / ec ' a V Ra 3 iu s thereof (fup- * 5 " 
poie EC) in T, and if in that Radius on the fame fide the 

I° U 1 • ^°* nts Q. and q. , fo that TO T E 

and T q be continual Proportionals, and the point Q.be 

the. 
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the Focus of the incident Rays , the point q fhall be the 
Focus of the reflected ones. 

Caf . i . Let A C B be the refracting Surface of any 
Sphere whofe Center is E. In any Radius thereof E C 
produced both ways take E T and C t fever ally in fuch 
Proportion to that Radius as the leffer of the Sines of 
Incidence and Refraction hath to the difference of thofc 
Sines. And then if in the fame Line you find any two 
Points Q_and q , fo that T Q. be to E T as E t to t q, 
taking t q the contrary way from t which T Q. lieth from 
T, and if the Point Q_be the Focus of any incident Rays, 
the Point q fhall be the Focus of the refraCted ones. 

And 'by the fame means the Focus of the Rays after 
two or more Reflexions or Refractions may be found. 

Caf. 4. Let A C B D be any refracting Lens., fpheri- 
catly Convex or Concave or Plane on either fide, and let 
C D be its Axis (that is the Line which cuts both its Sur- 
faces perpendicularly, and paffes through the Centers of 
the Spheres,) and in this Axis let F and / be the Foci of the 
refracted Rays found as above , when the incident Rays 
on both Tides the Lens are Parallel to the fame Axis 3 and 
upon the Diameter F / bifected in E, defcribe a Circle. 
Suppofe now that any Point Q. be the Focus of any inci- 
dent Rays. Draw Q. E cutting the faid Circle in T and f, 
and therein take t q in fuch Proportion to t E as t E or TE 
hath to T Q. Let t q lye the contrary way from t which 
T Q. doth from T, and q fhall be the Focus of the refrac- 
ted Rays without any ferifible Error , provided the Point 
Q be not fo remote from the Axis, nor the Lens fo broad 
aTto make any of the Rays fall too obliquely on the 

refracting Surfaces. - . 

And by the like Operations may the reflecting or re- 
fracting Surfaces be found when the two Foci are given. 
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and thereby a Lens be formed, which fhall make the Rays 

flow towards or from what place you P 1 ^ , 

So then the meaning of this Axiom is , that if R y 
fall upon any Plane or Spherical Surface or Lens a 
before their Incidence flow from or towards any Point Q_, 
they (hall after Reflexion or Refraction flow from or to- 
wards the Point q found by the foregoing Rules. And it 
the incident Rays flow from or towards feveral points LL 
the reflected or refracted Rays fhall flow from or towards 
fo many other Points q found by the fame Rules. Whe- 
ther the reflected and refracted Rays flow from or towards 
the Point q is eafily known by the fituation of that Point. 
For if that Point be on the fame fide of the reflecting or 
refracting Surface or Lens with the Point CL, and the in- 
cident Rays flow from the Point Q , the reflected flow to- 
wards the Point q and the refracted from it 5 and if the 
incident Rays flow towards Q, the reflected flow from q, 
and the refracted towards it. And the contrary happens 




Wherever the pays which come from all the Points of any Ob- 
ject meet again info many Points after they have been made to 
converge by Pe flexion or pefrattion, there they will make a Pic- 
ture of the Object upon any white Body on which they fall. 




So if PR reprefent any Object without Doors, and ABF/g - . 3 
be a Lens placed at a hole in the Window- Chut of a dark 
Chamber, whereby the Rays that come from any Point Q. 
of that Object are made to converge and meet again in 
the Point q- and if a Sheet of white Paper be held at a 

OKilr? p| k ‘ ■u herC t0 faU u P? n ic : the pi "ure of that 
Object I R will appear upon the Paper in its proper Shape 
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att d Colours, for as the Light which comes from the 
Point Q goes to the Point q, fo the Light which corner 
from other Points P and R of the Object, will go to fo 
many other correfpondent Points p and r (as is manifeft 
by the fixth Axiom 5 ) fo that every Point of the Object 
fhali illuminate a correfpondent Point of the Picture, and 
thereby make a Picture like the Object in Shape and Co- 
lour, this only excepted that the Picture fhali be inverted. 
And this is the reafon of that Vulgar Experiment of call- 
ing the Species of Objects from abroad upon a Wall or 
Sheet of white Paper in a dark Room. 

In like manner when a Man views any Object P Q.R, 
the Light which comes from the feveral Points oi the Ob- 
ject is fo refracted by the tranfparent skins and humours 
of the Eye, (that is by the outward coat EFG called the 
Tunica Cornea , and by the crystalline humour AB which is 
beyond the Pupil m l^) as to converge and meet again at 
fo many Points in the bottom of the Eye, and there to paint 
the Picture of the Object upon that skin (called the Tu- 
nica Retina) with which the bottom of the Eye is covered. 
For Anatomifts when they have taken off from the bot- 
tom of the Eye that outward and moil thick Coat called 
the Dura Mater , can then fee through the thinner Coats 
the Pictures of Objects lively painted thereon. And thefe 
Pictures propagated by Motion along the Fibres of the Op- 
tick Nerves into the Brain, are the caufe of Vifion. For 
accordingly as thefe Pictures are perfect or imperfect, the 
Object is feen perfectly or imperfectly. If the Eye be tin- 
ged with any colour (as in the Difeafe of the Jaundife) fo 
as to tinge the Pictures in the bottom of the Eye with that 
Colour, then all Objects appear tinged with the fame Co- 
lour. If the humours of the Eye by old Age decay, fo 
as. by fhrmking to make the Cornea and Goat of the Oy- 

Jlalline 
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Mml know grow flatter than before, the Light will not be 
S3 enough, and for want of a fuffic.ent Refraftion 
not converge to the bottom of the Eye but o feme 
place beyond it , and by confluence paint ^ 
of the Eye a confided Pidure.and according to the indiftincT:-. 
nefs of this Picture the Obj^ will appear confided. This 
is the reafon of the decay of Sight m old Men , and flWS 
why their Sight is mended by Spectacles. Forthofe Con- 
vex-elaffes fupply the defeat ofplumpnefs in the Eye, an 
by encreafing the Refraction make theRays converge fooner 
fo as to convene difiin&ly at the bottom of the Eye if the 
Glafs have a due degree of convexity. And the contrary 
happens in fhort-fighted Men whofe Eyes are too plump. 
For the Refraction being now too great, the Rays converge 
and convene in the Eyes before they come at the bottom ; 
and therefore the Picture made in the bottom and the Vifion 
caufed thereby will not be diftinCt, unie.fs the ObjeCt be 
brought fo near the Eye as that the place where the con- 
verging Rays convene may be removed to the bottom, or 
that the plumpnefs of the Eye be taken off and the Refra- 
ctions diminilhed by a Concave-glafs of a due degree of 
Concavity, or laftly that by Age the Eye grow flatter till it 
come to a due Figure : For Oiort-fighted Men fqe remote 
ObjeCts belt in Old Age, and therefore they are accounted 
to have the moll: lafting Eyes. > 

AX. VIII, 



An ObjeCt feen by Reflexion or R fraChon , appears in that place 
from whence the Rays after their laft (Reflexion or Refraction di- 
verge in falling on the Spectators Eye. 

If the ObjeCt A be feen by Reflexion of a Looking- Fig 
glafs m tiy it (hall appear, not in its proper place A, but 

B 1 behind 
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behind the Glafs at a, from whence any Rays AB, AC 
A D, which flow from one and the fame Point of the Ob- 
ject, do after their Reflexion made in the Points B,C, D 
diverge in going from the Glafs to E, F, G, where they 
are incident on the Spectator’s Eyes. For thefe Rays do 
make the fame Picture in the bottom of the Eyes as if 
they had come from the Object really placed at a without 
the interpofition of the Looking-glafs $ and all Vifion is 
made according to the place and fhape of that Picture. 

In like manner the Object D feen through a Prifm ap- 
pears not in its proper place D, but is thence tranflated to 
fome other place d fituated in the laft refracted Ray F G 
drawn backward from F to d. 

And fo the Object Q. feen through the Eens A B, appears 
at the place q from whence the Rays diverge in paffing 
from the Lens to the Eye. Now it is to be noted, that the 
Image of the Object at q is fo much bigger or letter than 
the Object it felf at Q., as the diftance of the Image at 
^ from the Lens AB is bigger or lefs than the diftance of 
the Object at Q. from the fame Lens. And if the Object 
be feen through two or more fuch Convex or Concave- 
glafles, every Glafs fhall make a new Image, and the Ob- 
ject fhall appear in the place and of the bignefs of the laft 
Image. Which confideration unfolds the Theory of Mi- 
crofcopes and Telefcopes. For that Theory confifts in al- 
moft nothing elfe than the defcribing fuch Glafles as {hall 
make the laft Image of any ObjeCt as diftinCt and large 
and luminous as it can conveniently be made. 

I have now given in Axioms and their Explications the 
fumm of what hath hitherto been treated of in Opcicks, 
For what hath been generally agreed on f content my 
felf to afltime under the notion of Principles, in order to 

what I have further to write. And this may fuffice for an 

Intmf 



. ^ Readers of quick Wit and good Under- 

Introdu&ion “ *J d jn 0 ^>ti C ks : Although thofe who 

w Sr acquainted whh this Science and have 
Undled daffes, will more readily apprehend what fol. 



PROPOSITIONS.. 

(pq^OP. I. Theor. I. 

L IGHTS which differ in Colour, differ alfo in De- 
grees of Refrangibility. 

The Proof by Experiments . 

Expzr. i . I took a black oblong ft iff Paper terminated 
by Parallel Sides, and with a Perpendicular right Line 
drawn crofs from one Side to the other y diftinguifiied it 
into two equal Parts. One of thefe Parcs I painted with 
a red Colour and the other with a blew. The Paper, was 
very black, and the Colours intenfe and thickly laid on, 
that the Phenomenon might be more confpicuous. This 
Paper I viewed through a Prifm offolid Glafs, whofe.two 
Sides through which the Light patted to the Eye were 
plane and well polifhed, and contained an Angle of about 
Sixty Degrees : which Angle I call the refraCling Angle of 
the Prifm. And whilft I viewed it, I held it before a. 
Window in fuch manner, that the Sides of the Paper were 
parallel to the Prifm, and both thofe Sides and the Prifm 
parallel to the Horizon, and the crofs Line perpendicular 
to it ; and. that the Light which fell, from the Window 
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upon the Paper made an Angle with the Paper, equ^ t0 
that Angle which was made with the fame Paper by the 
Light refleded. from it to the Eye. Beyond the Prifm 
the Wall of the Chamber under the Window covered over 
with black Cloth, and the Cloth was involved in Dark- 
■nefs that no Light might be reflected from thence, which 
in palling by the edges of the Paper to the Eye , might 
mingle it felf with the Light of the Paper and obfeure the 
Phenomenon thereof. Thefe things being thus ordered, 
I found that if the refrading Angle of the Prifm be turned 
upwards, fo that the Paper may feem to be lifted upwards 
by the Refradion , its blew half will be lifted higher by 
the Refradion than its red half But if the refrading 
Angle of the Prifm be turned downward, fo that the Pa- 
per may feem to be carried lower by the Refradion, its 
blew half will be carried fomething lower thereby than 
its red half Wherefore in both cafes the Light which 
comes from the blew half of the Paper through the Prifm 
to the Eye, does in like Circumstances fuffer a greater Re- 
fradion than the Light which comes from the red half, 
and by confeqiience is more refrangible. 

Illuftration. In the Eleventh Figure, M N reprefents the 
Window, and D E the Paper terminated with parallel Sides 
D J and H E, and by the tranfverfe Line F G diftinguifhed 
into two haifs, the one D G of an intenfely blew Colour, 
the other FEof an intenfely red. AndRACcd£ repre- 
fents the Prifm whofe refrading planes ABi> a and AC ca 
meet in the edge of the refrading Angle A a.. This edge 
A a being upward, is parallel both to the Horizon and to 
the parallel edges of the Paper D J and H E. And de re- 
prefents the Image of the Paper feen by Refradion up- 
wards in fuch manner that the blew half D G is carried 
higher to dg than the red half F E is to /e, and therefore 



fuffers a greater Refradion. If the edge of the refrading 
Angle be turned downward, the image of the Paper will 
be refraded downward fuppofe to $*, ai y* tl je ^ cw a!f 
will be refraded lower to than the red hall is to -9 *. 



Exper. %. About the aforefaid Paper, whofe two halfr 
were painted over with red and blew, and which was ftiff 
like thin Paftboard, I lapped feveral times a bender thred 
of very black Silk, in fiich manner that the lev era! parts 
of the thred might appear upon the Colours like fo many 
black Lines drawn over them , or like long and bender 
dark Shadows caft upon them, i might have drawn black 
Lines with a Pen , but the threds were fmaller and better 
defined. This Paper thus coloured and lined I fet againft 
a Wall perpendicularly to the Horizon, fo that one of the 
Colours might ftand to the right hand and the other to 
the left. Clofe before the Paper at the confine of the Co- 
lours below I placed a Candle to illuminate the Paper 
ftrongly : For the Experiment was tried in the Night. 
The flame of the Candle reached up to the lower edge of 
the Paper, or a very little higher. Then at the diftance of 
Six Feet and one or two Inches from the Paper upon the 
Floor I erected a glafs Lens four Inches and a quarter 
broad, which might collect the Rays coming from the 
feveral Points of the Paper, and make them converge to- 
wards fo many other Points at the fame diftance "of fix 
Feet and one or two Inches on the other fide of the Lens 
and fo form the Image of the coloured Paper upon a white 
Paper placed there ; after the fame manner that a Lens at 
a hole m a Window cafts the Images of Objeds abroad 
upon a Sheer of white Paper in a dark Room. The afore- 
iaid white Paper ereded perpendicular to the Horizon, 
and to the Rays which fell upon it from the .Lens, 1 moved 
ometimes towards the Lens, fometimes from it, to find 

the: 



'the places where the Images of the blew and red parts of 
the coloured Paper appeared moll; diftinCt. Thole places 
I eafily knew by the Images of the black Lines which I 
had made by winding the Silk about the Paper. For the 
Images of thofe fine and {lender Lines (which by reafon of 
their blacknefs were like Shadows on the Colours) were 
confufed and fcarce vifible, unlefs when the Colours on ei- 
ther fide of each Line were terminated moft dilfin&ly. 
Noting therefore, as diligently as I could, the places where 
the Images of the red and blew halfs of the coloured Pa- 
per appeared moft diftindt, I found that where the red 
half of the Paper appeared diftindt, the blew half appeared 
confufed, fo that the black Lines drawn upon it could 
fcarce be feen 5 and on the contrary where the blew half 
appeared moft diftindt the red half appeared confufed, fo 
that the black Lines upon it were fcarce vifible. And be- 
tween the two places where thefe Images appeared diftindt 
there was the diftance of an Inch and a half : the diftance 
of the white Paper from the Lens, when the Image of the 
red half of the coloured Paper appeared moft diftindt, be- 
ing greater by an Inch and an half than the diftance of the 
fame white Paper from the Lens when the Image of the 
blew half appeared moft diftindt. In like Incidences there- 
fore of the blew and red upon the Lens, the blew was re- 
fradted more by the Lens than the red, fo as to converge 
fooner by an Inch and an half, and therefore is more refran- 
gible. 

. Illujlration. In the Twelfth Figure, DE fignifies the co- 
loured Paper, D G the blew half, F E the red half, M N 
the Lens, H J the white Paper in that place where the red 
half with its black Lines appeared diftindt, and hi the fame 
Paper in that place where the blew half appeared diftindt. 
The place hi was nearer to the Lens MN than the place 
H J by an Inch and an half. Scholium. 
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Schlium. The feme things faceted notwithfandmg that 
fome of the Circumftances be varied : as m the nrft Ex- 
periment when the Pnfm and Paper are any w ays inclined 
to the Horizon, and m both when coloured Lines arc 
drawn upon very black Paper. But in the Defcription of 
thefe Experiments , I have fet down fuch Circumftances 
by which either the Phenomenon might be rendred more 
confpicuous, or a Novice might more eafily try them or 
by which I did try them only. The fame thing I have 
often done in the following Experiments : Concerning all 
which this one Admonition may fuffice. Now from thefe 
Experiments it follows not that all the Light of the blew 
is more Refrangible than all the Light of the red 5 For 
both Lights are mixed of Rays differently Refrangible, 
So that in the red there are fome Rays not lefs Refrangible 
than thofe of the blew , and in the blew there are fome 
Rays not more Refrangible than thofe of the red ; But 
thefe Rays in Proportion to the whole Light are but few, 
and ferve to diminifii the Event of the Experiment , but 
are not able to deftroy it. For if the red and blew Co- 
lours were more dilute and weak, the diftance of the Ima- 
ges would be lefs than an Inch and an half 5 and if they 
were more intenfe and full, that diftance would be greater, 
as will appear hereafter. Thefe Experiments may fuffice 
for the Colours of Natural Bodies. For in the Colours 
made by the Refraction of Prifms this Propofition will 
appear by the Experiments which are now to follow in the 
next Propofition. 
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TROT* II. Theor. II. 

The Light of the Sun confifis of Rays differently Refrangible. 

The Proof* by Experiments. 

Ex 'per. ].IN a very dark Chamber at a round hole about 
J[ one third part of an Inch broad made in the 
Shut of a Window I placed a Glafs Prifm, whereby the 
beam of the Suns Light which came in at that hole might 
be refracted upwards toward the oppofite Wall of the 
Chamber , and there form a coloured Image of the 
Sun. The Axis of the Prifm (that is the Line palling 
through the middle of the Prifm from one end of it to 
the other end Parallel to the edge of the Refrading Angle) 
was in this and the following Experiments perpendicular 
to the incident Rays. About this Axis I turned the Prifm 
flowly , and faw the refraded Light on the Wall or co* 
loured Image of the Sun firft to defcend and then to af. 
cend. Between the Defcent and Afcent when the Image 
feemed Stationary , I ftopt the Prifm, and fixt it in that 
Pofture, that it fhould be moved no more. For in that 
pofture the Refradions of the Light at the two fides of 
the Refrading Angle, that is at the entrance of the Rays 
into the Prifm and at their going out of it, were equal to 
one another. So alfo in other Experiments as often as I 
w'ould have the Refradions on both fides the Prifm to be 
equal to one another, I noted the place where the Image 
of the Sun formed by the refraded Light flood ft ill be- 
tween its two contrary Motions, in the common Period 
of its progrefs and egrefs 5 and when the Image fell upon 

that place, I made faft the Prifm. And in this pofture, as 
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the moft convenient, it is to be underftood that all the Pnfms 
Z placed in the following Experiments unlefs where fame 
other pofture is defcribed. The Mfm therefore bemg pla- 
ced in this pofture, I let the refined Light fall perpendi- 
cularly upon a Sheet of white Paper at the oppofite W all 
of the Chamber, and obferved the Figure and Dimenfions 
of the Solar Image formed on the Paper by that Light. 
This Image was Oblong and not Oval, but terminate 
with two Redilinear and Parallel Sides , and two Semi- 
circular Ends. On its Sides it was bounded pretty diftindly, 
but on its Ends very confufedly and indiftindly, the Light 
there decaying and vanishing by degrees. The breadth of 
this Image anfwered to the Sun s Diameter, and was about 
two Inches and the eighth part of an Inch, including the 
Penumbra. For the Image was eighteen Feet and an half 
diftant from the Prifm, and at this diftance that breadth if 
diminifhed by the Diameter of the hole in the Window- {hut, 
that is by a quarter of an Inch, fubtended an Angle at the 
Prifm of about half a Degree, which is the Sun’s apparent 
Diameter. But the length of the Image was about ten Inches 
and a quarter, and the length of the Redilinear Sides about 
eight Inches 5 And the refrading Angle of the Prifm where- 
by fo great a length was made, was 64 degr. With a 1 -efs 
Angle the length of the Image Was left , the breadth re- 
maining the fame. If the Prifm was turned about its Axis 
that way which made the Rays emerge more obliquely out 
of the fecond refrading Surface of the Prifm, the Imaae foon 
became an Inch or two longer, or more, and if the Prifm 
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was turned about the contrary way, fo as to make the Ray: 
rail more obliquely on the firft refrading Surface, the ImaL 
loon became an Inch or two fhorter. And therefore in try- 
ing this Experiment, I was as curious as I could be in ola- 
cmg the Prifm by the above-mentioned Rule exadly 
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/uch a pofture that the Refractions of the Rays at their emer- 
gence out of the Prifm might be equal to that at their inci- 
dence on it. This Prifm had fome Veins running aW 
within the Glafs from one end to the other , which feat, 
tered fome of the Sun’s Light irregularly, but had no fen- 
fible effeCt in encreafing the length of the coloured Spec- 
trum. For I tried the fame Experiment with other Prifnu 
with the fame Succefs. And particularly with a p r jf m 
which feemed free from fuch Veins, and whofe refracting 
Angle was 6 i{ Degrees, I found the length of the Image pi 

or 10 Inches at the diftance of 18^ Feet from the Prif m 4 
the breadth of the hole in the Window-fhut being' of an 
Inch as before. And becaufe it is eafie to commit a mi- 
ftake in placing the Prifm in its due pofture, I repeated 
the Experiment four or five times, and always found the 
length of the Image that which is fet down above. With 
another Prifm of clearer Glafs and better Pollifh, which 
feemed free from Veins and whofe refracting Angle was 
63 - Degrees, the length of this Image at the lame diftance 
of 18; Feet was alfo about 1 o Inches, or 1 o ■ . Beyond 
thefe Meafures for about - 1 or *- of an Inch at either end of 

4 3 

the SpeCtrum the Light of the Clouds feemed to be a little 
tinged with red and violet, but fo very faintly that I fufpe* 
Cted that tinCture might either wholly or in great meafure 
arife from fome Rays of the SpeCtrum fcattered irre- 
gularly by fome inequalities in the Subftance and Polifh 
of the Glafs , and therefore I did not include it in thefe 
Meafures. Now the different Magnitude of the hole it 
theWindow-ftiut, and different thicknefs of the Prifm where 
the Rays paffed through it, and different inclinations of the 
Prifm to the Horizon, made no fenlible changes in the 
length of the Image. Neither did the different matter of 

the 



for in a Veffel made of polilhed 

and filled with Water, there is the i'^ Suecefs of hc Ex- 
npriment according to the quantity of the RefraCtion. it 
f s father to be observed, that the Rays went on in right 
Lines from the Prifm to the Image, and therefore at then 
ve"y going out of the Prifm had all that Inclmat.on to 
one* another ftom which the length of the Image pio- 
ceeded, that is the Inclination of more than two Degrees 
and an half. And yet according to the Laws of Opticks 
vulgarly received, they could noc poffibly be fo much m- 
dined to one another. For let EG reprefent the Window- Fg. 
fhut, F the hole made therein through which a beam of the 
Sun’s Light was tranlmitted into the darknedChambei, and 
ABC a Triangular Imaginary Plane whereby the Prifm is 
feigned to be cut tranfverfly through the middle of the 
Light. Or if you pleafe, let AB C reprefent the Prifm it 
felf, looking diredly towards the Spectator s Eye with its 
nearer end : And let X Y be the Sun, M N the Paper upon 
which the Solar Image or SpeCtrum is caft, and P T the 
Image it felf whofe fides towards V and W are Rectili- 
near and Parallel, and ends towards P and T Semicir- 
cular. YKHP and X L J T are the two Rays, the firft 
of which comes from the lower part of the Sun to the 
higher part of the Image, and is refracted in the Prifm at 
K and H, and the latter comes from the higher part of 
the Sun to the lower part of the Image, and is refraCted 
at L and J. Since the Refractions on both (ides the Prifm 
are equal to one another, that is the RefraCtion at K equal 
to the RefraCtion at J, and the RefraCtion at L equal to 
the RefraCtion at H, fo that the Refractions of the inci- 
dent Rays at K and L taken together are equal to the 
Refractions of the emergent Rays at H and J taken toge- 
ther : 
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ther : it follows by adding equal things to equal things 
that the Refractions at K and H taken together, a re equal 
to the Refractions at J and L taken together , and there- 
fore the two Rays being equally refracted have the fam c 
Inclination to one another after RefraCtion which they had 
before, that is the Inclination of half a Degree anfwering 
to the Suns Diameter. For fo great was the Inclination 
of the Rays to one another before RefraCtion. So then 
the length of the Image P T would by the Rules of Vul- 
gar Opticks fubtend an Angle of half a Degree at the 
Prifm, and by confequence be equal to the breadth > u > . 
and therefore the Image would be round. Thus it would 
be were the two Rays X L J T and YKHP and all the 
reft which form the Image PwT>, alike Refrangible. 
And therefore feeing by Experience it is found that the 
Image is not round but about five times longer than 
broad, rhe Rays which going to the upper end P of the 
Image fuffer the greateft RefraCtion, muft be more Refran- 
gible than thofe which go to the lower end T , unlefs the 
inequality of RefraCtion be cafual. 

This Image or SpeCtrum P T was coloured, being red 
at its leaft refraCted end T, and violet at its moft refracted 
end P, and yellow green and blew in the intermediate 
fpaces. Which agrees with the firft Propofition, that Lights 
which differ in Colour do alfo differ in Refrangibility. 
The length of the Image in the foregoing Experiments 1 
meafured from the fainteft and outmoftred atone end, to 
the fainteft and outmoft blew at the other end. 

Exper. 4. In the Sun’s beam which was propagated in- 
the Room through the hole in the Window-Amt, at 
of fome Feet from the hole, I held the Prifm 

be perpendicular to 
the 



hole, and turning the Prifm to and & 0 3 -j? om lts ^ xlst ° 
make the Image of the hole afcend and defcend, when be- 
tween its two contrary Motions it feemed ftationary, I 
ftopt the Prifm that the RefraChons on both Tides of the 
refraCtine Angle might be equal to each other as in the 
former Experiment. In this Situation of the Prifm view- 
ing through it the faid hole, I obferved the length of its 
refraCted Image to be many times greater than its breadth, 
and that the moft refraCted part thereof appeared violet, 
the leaft refraCted red, the middle parts blew green and 
yellow in order. The fame thing happened when I re- 
moved the Prifm out of the Suns Light , and looked 
through it upon the hole fhining by the Light of the 
Clouds beyond it. And yet if the RefraCtion were done 
regularly according to one certain Proportion of the Sines 
of Incidence and RefraCtion as is vulgarly fuppofed, the 
refraCted Image ought to have appeared round. 

So then, by thefe two Experiments it appears that in 
equal Incidences there is a confiderable inequality of Re- 
fractions ; But whence this inequality arifes, whether it be 
that fome of the incident Rays are refraCted more and 
others Icfs, conftantly or by chance, or that one and the 
fame Ray is by RefraCtion difturbed, fhattered, dilated, 
and as it were fplit and fpread into many diverging Rays, 
as Grimaldo fuppofes, does not yet .appear by thefe Experi- 
ments, but will appear by thofe that follow. 

Exper. 5 . Confidering therefore, that if in the third Ex- 
periment the Image of the Sun fhould be drawn out into 
an oblong form, either by a Dilatation of every Ray, or 
by any other cafual inequality of the Refraaions, the fame 
oblong Image would by a fecond Refraaion made Side- 
ways be drawn out as much in breadth by the like Dila- 
tation of the Rays or other cafual inequality of the Re- 
fraaions 
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fradions Sideways, T cried what would be the Effe£s of 
fuch a fecond Refraction. For this end I ordered all things 
as in the third Experiment, and then placed a fecond PrilSi 
immediately after the firft in a crofs Pofition to it, that it 
might again refraCt the beam of the Suns Light which 
came to it through the firft Prifm. In the firft Prifrn this 
beam was refraaed upwards, and in the fecond Sideways. 
And I found that by the Refraaion of the fecond Prifm 
the breadth of the Image was not increafed, but its fupe- 
lior part which in the firft Prifm differed the greater Re- 
fraction and appeared violet and blew, did again in the 
fecond Prifm fuffer a greater Refraction than its inferior 
part, which appeared red and yellow , and this without 
any Dilation of the Image in breadth. 

lllujlratkn. Let S reprefent the Sun, F the hole in the 
Window, ABC the firft Prifm, D H the fecond Prifm, Y 
the round Image of the Sun made by a direCt beam of 
Light when the Prifrns are taken away, P T the oblong 
Image of the Sun made by that beam pafling through the 
firft Prifm alone when the fecond Prifm is taken away, and 
pt the Image made by the crofs Refractions of both 
Prifrns together. Now if the Rays which tend towards 
the feveral Points of the round Image Y were dilated and 
fpread by the RefraCtion of the firft Prifm, fo that they 
Ihould not any longer go in fingle Lines to fingle Points, 
but that every Ray being fplit, fluttered, and changed 
from a Linear Ray to a Superficies of Rays diverging 
from the Point of RefraCtion, and lying in the Plane of 
the Angles of Incidence and RefraCtion , they fhould 
go in chofe Planes to fo many Lines reaching almoft 
from one end of the Image P T to the other, and if 
that Image fhould thence become oblong : thofe Rays 
and their feveral parts tending towards the feveral Points of 

the 
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the Image P T ought to be again dilated and fpread Side- 
ways by the tranfvcrfe Refraaion of the fecond Prifm, fo 
as to compofe a fourfquare Image, fucli as is reprefented 
at <fl. For the better undemanding of which, let the Image 
pT be diftinguifhed into five equal Parts PQa, RQ. > 
LRSM, MSVN, NVT And by the fame irregularity 
that the Orbicular Light Y is by the RefraCtion of the nr 
Prifm dilated and drawn out into a long Image P T, the 
the Light P Q.K which takes up a fpace of the fame length 
and breadth with the Light Y ought to be by the Refra- 
aion of the fecond Prifm dilated and drawn out into the 
loner Image *q kp> and the Light K Q.R L into the long 
Image k q* h and the Lights LRSM, MSVN, NVT 
into fo many other long Images Ir sm y msVn,nVt 7 $ and 
all thefe long Images would compofe the fourfquare Image 
*7. Thus it might to be were every Ray dilated by Re- 
fraction, and fpread into a triangular Superficies of Rays 
diverging from the Point of Refraaion. For the fecond 
Refraaion v/ould Ip read the Rays one way as much as the 
firft doth another, and fo dilate the Image in breadth as 
much as the firft doth in length. And the fame thing 
ought to happen, were fome Rays cafually refraaed more 
than others. But the Event is otherwife. The Image P T 
was not made broader by the Refraaion of the°fecond 
Prifm, km only became oblique, as tis reprefented at pt, 
its uppei end p being by the Refraaion tr an dated to a 
greater oiftance than its lower end T. So then the Li^ht 
which went towards the upper end P of the Image, was 
Cat equal Incidences) more refraaed in the freond Prifm 
than the Light which tended towards the lower end T 
that is the blew and violet, than the red and yellow- and 

ttLT m f \ R fa n I ib j e - Thc Light was by 
the Redaction of thc firft Prifm tranflated further from the 
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place Y to which it tended before Refraction j and there- 
fore fnffered as well in the firft Prifm as in the fecond a 
greater Refraction than the reft of the Light, and by con- 
jequence was more Refrangible than the reft, even before 
its incidence on the ftrft Prifm. 

Sometimes I placed a third Prifm after the fecond, and 
fometimes alfo a fourth after the third , by all which the 
Image might be often rcfraCted fideways : but the Rays 
which were more refraCtcd than the reft in the firft Prifm 
were alfo more refraCted in all the reft, and that without 
any Dilatation of the Image fideways : and therefore thofe 
Rays for their conftancy of a greater Refraction are de- 
fervedly reputed more Refrangible. 

But that the meaning of this Experiment may more 
clearly appear, it is to be confidered that the Rays which 
are equally Refrangible do fall upon a circle anfwering to 
the Sun’s Difque. For this was proved in the third Experi- 
ment. By a circle I underftand not here a perfect Geo- 
metrical Circle, but any Orbicular Figure whofe length is 
equal to its breadth, and which, as to fenfe, may feem 
circular. Let therefore A G reprefent the circle which all 
the moft Refrangible Rays propagated from the whole 
Difque of the Sun, would illuminate and paint upon the 
oppofite Wall if they were alone 3 E L the circle which all 
the leaft Refrangible Rays would in like manner illuminate 
and paint if they were alone $ B H, C J, D K, the circles 
which fo many intermediate' forts of Rays would fuccef- 
fively paint upon the Wall, if they were fingly propagated 
from the Sun in fucceffive Order, the reft being always in- 
tercepted ; And conceive that there are other intermediate 
Circles without number which innumerable other inter- 
mediate forts of Rays would fucceffively paint upon the 
Wall if the Sun fhould fucceftively emit every fort apart. 
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And ieeifig the Sun emits dlthefe 

the Oblong Spc£trum, P T : then ought every c»rcle A G, 
g H C J, iu that SpeCtrum, by the crofs Rerra- 
dion of the fecond Prifm again dilating or otherwiie 
fcattering the Rays as before, to be in like manner drawn 
out and transformed into an Oblong Figure, and thereby 
the breadth of the Image P T would be now as much aug- 
mented as the length of the Image Y was before by the Re- 
fraction of the firft: Prifm 5 and thus by the Refractions of 
both Prifms together would be formed a fourfquare Figure 
p * 1 7 as I defcribed above. Wherefore fince the breadth of 
the SpeCtrum P T is not increafed by the RefraCtion fide- 
ways, it is certain that the Rays are not fplit or dilated, or 
otherways irregularly fcattered by that RefraCtion, but 
that every circle is by a regular and uniform RefraCtion 
tranftated entire into another place, as the circle A G by 
the greateft RefraCtion into the place ag y the circle B H by 
a lefs RefraCtion into the place b h y the circle C J by a Re- 
fraCtion ftili leis into the place ci y and fo of the reft j by 
which means a new SpeCtrum p t inclined to the former 
P T is in like manner compofed of circles lying in a 
right Line 5 and thefe circles muft be of the fame bigiiefs 
with the former, becaufe the breadths of all the Spe- 

Ctrums Y, PT and pt at equal diftances from the Priih 
are equal. 
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I confidered further that by the breadth of the hole £ 
through which the Light enters into the Dark Chamber 
there is a Penumbra made in the circuit of the SpedtrunJ 
Y, and that Penumbra remains in the redtilinear, Sides of 
the Spedtrums P T and pt. I placed therefore* at that hole 
a Lens or Object-glafs of a Telcfcope which might call 
the Image of the Sun diftindtly on Y without any Penum- 
bra at all, and found that the Penumbra of the Redtili- 
near Sides of the. oblong Spedtrums P T and pt was alfdi 
thereby taken away, fo that thofe Sides appeared as di* 
ftindtly defined as did the Circumference of the firft Image 
Y. Thus it happens if the Glafs of the Prifms be free 
from veins, atd their Sides be accurately plane and well 
polifhed without thofe numberlefs waves or curies which 
ufiially arife from Sand-holes a little Imoothed in polilh- 
ing with Putty. If the Glafs be only well polifhed and 
free from veins and the Sides not accurately plane but a 
little Convex or Concave, as it frequently happens 5 yet 
may the three Spedtrums Y, P T and pt want Penumbras, 
but not in equal diftances from the Prifms. Now from: 
this want of Penumbras, I knew more certainly that every 
one of the circles was refra&ed according to fome moft 
regular, uniform, and conftant law. For if there were 
any irregularity in the Refradtion, the right Lines AEand 
G L which all the circles in the Spedtrum P T do touch, 
could not by that Refradtion be tranflated into the Lines 
a e and gl as diftindt and ftraight as they were before, but 
there would arife in thofe tranflated Lines fome Penumbra 
or crookednefs or undulation, or other fenfible Perturba- 
tion contrary to what is found by Experience. Whatfo 
ever Penumbra or Perturbation Ihould be made in the 
circles by the crofs Refradtion of the fecond Prifm , all 
that Penumbra or Perturbation would be confpicuous in. 



C 2 9 1 , . 

, . , , c and 1 1 which touch thofe c.rcles. And 

E he right Lines g penumbra or Perturbation 

Sfi Lin« "here muft be none in the circles 
Since the diftance between thofe Tangents or lea n o 
fhe Splarum is not increafed by the Refraftions, the Dia- 
meters of the circles are not increafed thereby. Since toe 

Tangents continue to be right W ne * » '^ er y , CIIC e „, • 

in the firft Prifm is more or lefs refraifted I, is exadly i 
the fame Proportion more or lefs refined in ^ [ec°nd 
And feeing all thefe things continue to fucceed atoer the. 
fame manner when the Rays are again in a third n m > 
and again in a fourth reftaaed Sideways, it is evident that 
the Rays of one and the fame circle as to their degree o . 
Refrangibility continue always Uniform and Homogeneal 
to one another, and that thofe of feveral circles do differ 
in degree of Refrangibility , and that in fome certain and 
conftant Proportion. Which is the thing I was to prove* 
There is' yet another Circumftance or two of this Ex- Fig, 
periment by which it becomes Hill more plain and con- 
vincing. Let the fecond Prifm D H be placed not imme- 
ately after after the firft:, but at fome diftance from it 5 
Suppofe in the mid- way between it and the Wall on which 
the oblong Spe&rum P T is caft, fo that the Light from 
the firft Prifm may fall upon it in the form of an oblong 
Spedtrum, *1 Parallel to this feconrd Prifm, and be refradted 
Sideways to form the oblong Spedtrum p t upon the Wall. 

And you will find as before, that this Spedtrum pt is in- 
clined to that Spedtrum P T, which the firft Prifm forms 
alone without the fecond 5 the blew ends P and p being fur- 
ther diftant from one another than the red ones T and t 
and by confequence that the Rays which go to the blew 
end * of the Image V7 ana which therefore fuSer the greateft 
Refradtion in the firft Prifm, are again in the fecond Prifm. 
more refradted than the reft. The 



The fame thing I try’d alfo by lettirig the Sun's Light 
into a dark Room through two little round holes F and f 
made in the Window, and with two Parallel Prifms ABC 
and « iS y placed at thofe holes ( one at each ) refradting 
thofe two beams of Light to the oppofite Wall of the 
Chamber, in fuch manner that the two colour’d Images 
P T and m n which they there painted were joyned end to 
end and lay in One ftraight Line, the red end T of the 
one touching the blew end ni of the other. For if thefe 
two refradled beams were again by a third Prifm D H pla- 
ced. croft to the two firft, refraaed Sideways, and the Spe- 
drums thereby tranflated to fome other part of the Wall 
of the Chamber , fuppofe the Spedtrum P T to pt and 
the Spedtrum MN to mri, thefe tranflated Spearums pt 
and Jti n would not lie in one ftraight Line with their ends 
contiguous as before, but be broken off from one another 
and become Parallel, the blew end of the Image m n being 
by a greater Refraaion tranflated farther from its former 
place M T, than the red end t of the other Image p t from 
the fame place MT which puts the Propofition paft di- 
fpute. And this happens whether the third Prifm D H be 
placed immediately after the two firft or at a great diftance 
from them , fo that the Light refraaed in the two firft 
Prifms be either white and circular, or coloured and ob- 
long when it falls on the third. 

Exper. 6 . In the middle of two thin Boards I made 
round holes a third part of an Inch in Diameter, and in 
the Window- {hut a much broader hole, being made to let 
into my darkned Chamber a large beam of the Sun’s 
Light 5 I placed a Prifm behind the Shut in that beam to 
tetrad it towards the oppofite Wall, and clofe behind the 
Prifm I fixed one of the Boards, in fuch manner that the 
middle of the refracted Light might pafs through the hole 
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... A rKp reft be intercepted by the Board, 
made m it, ^ ^ twelve Feet from the firft 

^ heX bU in fuch manner rhatrhe 

Bo ", [Pi. refried Light which came through the hole 
Zt fifft *Ef8 ftlfupon the oppofite Wall might 
fafi through the hole in this other Board, and the reft be- 
f intercepted bv the Board might paint upon it the co- 
loured Spectrum of the Sun. And clofe behind this Board 
I fixed Mother Prifm to refraft the Light which came 
through the hole. Then I returned fpeed.ly to the firft 
Priftm and by turning it ftowly to and fro about its Axis, 

I raided the Image which fell upon the fecond Board to 
move n P and down upon that Board, that all its parts 
might fucceffively pafs through the hole in that Board and 
fall upon the Prifm behind it. And in the mean time, I 
noted the places on the oppofite Wall to which that Light 
after its Refraaion in the fecond Prifm did pafs 5 and by 
the difference of the places I found that the Light which 
being moft refraaed in the firft Prifm did go to the blew 
end of the Image, was again more refraaed in the fecond 
Prifm than the Light which went to the red end of that 
Image, which proves as well the firft Propofition as the 
fecond. And this happened whether the Axis of the two 
Prifms were parallel, or inclined to one another and to the 
Horizon in any given Angles. 

lllujlratmi. Let F be the wide hole in the Window-fhut, fjg t 
through which the Sun Ihines upon the firft Prifm A B C, 
and let the refraaed Light fall upon the middle of the 
Board D E, and the middle part of that Light upon the 
hole G made in the middle of that Board. Let this tra- 
jeded part of the Light fall again upon the middle of the 
fecond Board d e and there paint fuch an oblong coloured 
Image of the Sun as was deferibed in the third Experiment. 

By 
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-By turning the Prifm ABC flowly to and fro about i ts 
Axis this Image will be made to move up and down the 
■Board d e, and by this means all its parts from one end to 
the other may be made to pafs fucceflively thiough the 
hole g which is made in the middle of that Board. In the 
mean while another Prifm ah c is to be fixed next after 
that hole g to refraCt the trajefted Light a fecond time. 
And thefe things being thus ordered, I marked the places 
M and N of the oppofite Wall upon which the retraced 
Licht fell, and found that whilft the two Boards and fecond 
Prffm remained unmoved, thofe places by turning the firft 
Prifm about its Axis were changed perpetually. For when 
the lower part of the Light which fell upon the fecond 
Board d e was call through the hole g it went to a lower 
place M on the Wall , and when the higher part of that 
Light was caft through the fame hole£, it went to a higher 
place N on the Wall, and when any intermediate part of 
die Litfht was caft through that hole it went to fome place 
on theVall between M and K The unchanged Pofition 
of the holes in the Boards, made the Incidence of the Rays 
upon the fecond Prifm to be the fame in all cafes. And 
yet in that common Incidence fome of the Rays were more 
r-efraCted and others lefs. And thofe were more refrafted 
in this Prifm which by a greater Refraction in the nrlt 
Prifm were more turned out of the way, and therefore tor 
their conftancy of being more refracted are defervedly caU 
led more Refrangible. 

Exper. 7, At two holes made near one another in my 
Window- fhut I placed two Prifms , one at each, which 
mi°ht caft upon the oppofite Wall (after the manner 0 
the^third Experiment ) two oblong coloured Images of the 
Sun. And at a little diftance from the Wall I placed a 
long flender Paper with ftraight and parallel edges^and 



Ser appeared of two 
ell red W violet, much after the manner of the 
painted Paper in the firft and fecond Experiments. Then 
S a black Cloth I covered the Wall behmd the Paper 
that no Light might be refledled from it to d.fturb the 
Experiment, and viewing the Paper through a th,,d ^ 
helS parallel to it, I faw that half of it which was illumi- 
nated by the Violet-light to be divided from the other 
half by a greater Refraaion, efpecially when I went a good 
way off from the Paper. For when I viewed it too near 
at hand, the two halfs of the Paper did not appear fully 
divided from one another , but feemed contiguous at one 
of their Angles like the painted Paper in the firft Expe- 
riment. Which alfo happened when the Paper was too 
broad. 

Sometimes inftead of the Paper I ufed a white Thred, 
and this appeared through the Prifm divided into two Pa- 
rallel Threds as is reprefented in the ij?th Figure , where Fig. 1 $ 
D G denotes the Thred illuminated with violet Light 
from D to E and with red Light from F to G, and d e f g 
are the parts of the Thred feen by Refraction. If one half 
of the Thred be conftantly illuminated with red, and the 
other half be illuminated with all the Colours fucceflively, 

(which may be done by caufing one of the Prifms to be 
turned about its Axis whilft the other remains unmoved) 
this other half in viewing the Thred through the Prifm, 
will appear in a continued right Line with the firft half 
when illuminated with red , and begin to be a little divi- 
ded from it when illuminated with Orange, and remove 
further from it when illuminated with Yellow, and ftill 

E further 
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further when with Green, and further when with Blew, and 
go yet further off when illuminated with Indigo, and f Ur „ 
theft when with deep Violet. Which plainly fhews, that 
the Lights of feveral Colours are more and more Refran- 
gible one than another, in this order of their Colours, R ec j 
Orange, Yellow, Green, Blew, Indigo, deep Violet . an j 
fo proves as well - the firft Propofition as the fecond. 

17. I caufed alfo the coloured SpeCtrums P T and M 
made in a dark Chamber by the Refractions of two Prifms 
to lye in a right Line end to end, as was defcribed above 
in the fifth Experiment, and viewing them through a third 
Prifm held Parallel to their length, they appeared no longer 
in a right Line, but became broken from one another, as 
they are reprefented at pt and m », the violet end m of the 
SpeCtrum m n being by a greater Refraction tranflated 
further from its former place M T than the red end t of the 
other SpeCtrum p t. 

20. I further caufed thofe two SpeCtrums P T and MN to 
become co-incident in an inverted order of their Colours, 
the red end of each falling on the violet end of the other, 
as they are reprefented in the oblong Figure PTMNj 
and then viewing them through a Prifm D H held Paral- 
lei to their length, they appeared not co-incident as when 
viewed with the naked Eye , but in the form of two di- 
ftinCt SpeCtrums p t and m n crofting one another in the 
middle after the manner of the letter X. Which (hews 
that the red of the one SpeCtrum and violet of the other, 
which were co-incident at P N and M T , being parted 
from one another by a greater RefraCtion of the violet to 
P and m than of the red to n and £, do. differ in degrees of 
Refrangibility. 

I illuminated alfo a little circular piece of white Paper 
all over with the Lights of both Prifms intermixed, and 

when 
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deep violet of the ^ x vie wcci the Paper, 

Colours to appear al P P ^ „ reater ; through a 

firft at a lefs diftance , a t jL Paper, the refraifted 

third Pr C m ,Vhfca“ e mote and more dfvided by the un- 

Si 

Prifm wls taken away the red vanifhed : wh^ Ihews^hat 
thefe two Images were nothing elfe than the Lights of th 
two Prifms which had been intermixed on the purple Pa- 
per, but were parted again by their unequal Refradions 
made in the third Prifm through which the Paper was 
viewed. This alfo was obfervable that if one of the 
Prifms at the Window, fuppofe that which call the violet 
on the Paper, was turned about its Axis to make all the 
Colours in this order, Violet, Indigo, Blew, Green, Yel- 
low, Grange, Red, fall fucceffively on the Paper from that 
Prifm, the n violet Image changed Colour accordingly, and 
in changing Colour came nearer to the red one, until when 
it was alfo red they both became fully co-incident. ^ ,• 

I placed alfo two paper circles very near one another, ' 
the one in the red Light of one Prifm, and the other in 
the violet Light of the other. The circles were each ot 
them an Inch in Diameter, and behind them the Wall was 
dark that the Experiment might not be difturbed by any 
Light coming from thence. Thefe circles thus illuminated, 

I viewed through a Prifm fo held that the Refraction might 
be made towards the red circle , and as I went from them 

E a they 
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they came nearer and nearer together, and at length be- 
came co-incident ; and afterwards when I went ftill further 
ofl^ they parted again in a contrary order, the violet by ^ 
greater RefkCtion being carried beyond the red. 

Exper. 8. In Summer when the Sun s Light ufes to 
be ftrongeft, I placed a Prifm at the. hole of the Window- 
fhut, as in the third Experiment, yet fo that its Axis might 
be Parallel to the Axis of the World, and at the oppofite 
Wall in the Sun’s refracted Light, I placed an open Book. 
Then going Six Feet and two Inches from the Book, I 
placed there the abovementioned Lens, by which the Light 
reflected from the Book might be made to converge and 
meet again at the diftance of fix Feet and two Inches be- 
hind the Lens , and there paint the Species of the Book 
upon a fheet of white Paper much after the manner of the 
fecond Experiment. The Book and Lens being made fall, 
I noted the place where the Paper was, when the Letters 
of the Book, illuminated by the fulleft red Light of the 
Solar Image falling upon it, did caft their Species on that 
Paper moft diftinCtly j And then I flay’d till by the Mo- 
tion of the Sun and confequent Motion of his Image on 
the Book, all the Colours from that red to the middle of 
the blew pafs’d over thofe Letters j and when thofe Letters 
were illuminated by that blew, I noted again the place of 
the Paper when they cafl their Species moll diftinCtly upon 
it : And I found that this laid place of the Paper was nearer 
to the Lens than its former place by about two Inches and 
an half, or two and three quarters. So much fooner there- 
fore did the Light in the violet end of the Image by a grea- 
ter Refraction converge and meet , than, the Light in the 
red end. But in trying this the Chamber was as dark as I 
could make it. For if thefe Colours be diluted and weak- 
ncd by the mixture of any adventitious Light, the diftance 

between 



between the places of 

diftance in the fecona Lgwnat ^ W a 

natural Bodies ^“t^ion of thofe Colours. Here 
half, by reafon °” whic h are manifeftly more 

in the Colours of th , ’ t bofe of natural Bodies, the 

full, intenfe, and lively than ■ thole £ m ^ ^ ^ 

diftance is two Inches an noc but that the di- 

Colours Hill more fijL ’ ( 5 ter For the coloured 
fiance would be confiderably greate . i - de- 

t wtir of the Prifm, by the interfering of the Circles de 
Vt A l he i th Figure of the fifth Experiment, and alfo 
f alb d‘?ilt of theory bright Clouds next the Sun s 
Body intermixing with chlfe Colours, -and by the Light 
teer d b7 k inequalities in the poUfh of the Prifm, was 
fo V y m.U compounded, that the Species which thofe 
faint and dark Collars, the Indigo and Violet cafl -port 
the Paper were not diftma enough to be well obferved. 

Exper. o. A Prifm, whofe two Angles at itsBafe were 
equTto one another and half right one V -d 
a right one, I placed in abeam of the Suns LiJit let m- 
co a dark Chamber through a hole in the ^ mdow-fihut 
as in the third Experiment. And turning the 1 nun lowly 
about its Axis until all the Light which went through one 
of its Angles and was refracted by it began to be reHedted 
by its Bafe , at which till then it went out of the Glais, 
I obferved that thofe Rays which had fuffered the greatell 
Refraction were fooner reflected than the reft. I conceived 
therefore that thofe Rays of the reflected Light, which 
were moft Refrangible, did full of all by a total Reflexion 
become more copious in that Light than the reft , and 
that afterwards the reft alfo, by a total Reflexion, be- 
came as copious as thefe. To try this , I made the re- 
flected Light pafs through another Prifm, and being refra- 
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(feed by it to fall afterwards upon a (beet of white Paper 
placed at fome diftance behind it, and there by that Re- 
ft adli on to paint the ufual Colours of the Prifm. And 
then caufing the firft Prifm to be turned about its Axis as 
above, I obferved that when thofe Rays which in this Prifin 
had fuffered the greateft Refra&ion and appeared of a blew 
and violet Colour began to be totally reflected , the blew 
and -violet Light on the Paper which was moii refra&ed 
in the fecon-d Prifm received a fenfible increafe above that 
of the red and yellow, which was leaft refracted j and 
afterwards when the reft of the Light which was green, 
yellow and red began to be totally reflected in the firft 
Prifm, the light of thofe Colours on the Paper received as 
great an increafe as the violet and blew had done before. 
Whence ’tis manifeft, that the beam of Light refle&ed by 
the Bafe of the Prifm, being augmented firft by the more 
Refrangible Rays and afterwards by the lefs Refrangible 
ones, is compounded of Rays differently Refrangible. 
And that all Rich reflected Light is of the fame Nature 
with the Sun’s Light, before its Incidence on the Bafe of 
the Prifm, no Man ever doubted : it being generally al- 
lowed, that Light by fuch Reflexions fuffers no Alteration 
in its Modifications and Properties. I do not here take 
notice of any Refractions made in the Sides of the firft 
Prifm, becaufe the Light enters it perpendicularly at the 
firft Side, and goes out perpendicularly at the fecond Side, 
and therefore fuffers none. So then, the Sun’s incident 
Light being of the fame temper and conftitution with his 
emergent Light, and the laft being compounded of Rays 
differently Refrangible , the firft muff be in like manner 
compounded. 

, Illuftratm. In the 2 1 th Figure, A B C is the firft Prifm, 
B C its Bafe, B and C its equal Angles at the Bafe, each 

of 
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, degrees A its RecUngular Vertex, FM a beam of 

the Sun’s g Light let into 

JMv MN the beam of Light refitted from the Bafe, 
VX Y .hr fecond Prifm by which t^ ^am m paffin| 
through it is refracted, Nt the lefs refrad* ^ Light of this 
beam 6 and N P the more refraded part thereof. W hen 
firft Prifm A B C is turned about its Axis according to c 1 
“e ofthe Letters ABC, the Rays M H emerge more 
and mote obliquely out of that Prifm, and at length after 
their moft oblique Emergence are refleded i “wards N, 
and going on to p do increafe the number of the Rays tip. 
Afterwards by continuing the motion ofthe firft Prifm, the 
Rays MG are alfo reflected to N and increafe the number ol 
the Rays N t. And therefore the Light M N admits into 
its Comp 0 fit ion, firft the more Refrangible Rays, and then 
the lefs Refrangible Rays, and yet after this Compofition 
is ofthe fame Nature with the Sun’s immediate Light F M, 



tion therein. 

Exper. 1 o. Two Prifrns, which were alike in fhape, I 
tied fo together, that their Axes and oppofite Sides being 
Parallel, they compofed a Parallelepiped. And, the Sun 
firming into my dark Chamber through a little hole in the 
Window-fhut, I placed that Paral'elopiped in his beam at 
fome diftance from the hole, in fuch a pofture that the Axes 
of the Prifms might be perpendicular to the incident Rays, 
and that thofe Rays being incident upon the firft Side of 
one Prifm, might go on through the two contiguous Sides 
of both Prifms, and emerge out of the laft Side of the fe- 
cond Prifm. This Side being Parallel to the firft Side of 
the firft Prifm , caufed the emerging Light to be Parallel 



to 
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to the Incident. Then, beyond thefe two Prifms I placed 
a third, which might refraCt that emergent Light, and by 
that Refraction caft the ufual Colours of the Prifm upot^ 
the oppofite Wall, or upon a fheet of white Paper held at 
a convenient diftance behind the Prifm for that refracted 
Light to fall upon it. After this I turned the Parallelopiped 
about its Axis, and found that when the contiguous Sides 
of the two Priftns beeame fo oblique to the incident Rays 
that thofe Rays began all of them to be reflected , thole 
Rays which in the third Prifm had fuffered the great eft 
fraction and painted the Paper with violet and blew, were 
firft of all by a total Reflexion taken out of the tranfmitted 
Light, the reft remaining and on the Paper painting their 
Colours of Green, Yellow, Orange, and Red as before • 
and afterwards by continuing the motion of the two Prifms, 
the reft of the Rays alfo by a total Reflexion vanilhed in 
order, according to their degrees of Refrangibility. The 
Light therefore which emerged out of the two Prifms is 
compounded of Rays differently Refrangible , feeing the 
more Refrangible Rays may be taken out of it while the 
lefs Refrangible remain. But this Light being trajeCtd 
only through the Parallel Superficies of the two Prifms, if 
it fuffered any change by the RefraCtion of one Superficies 
it loft that impreffion by the contrary RefraCtion of the 
other Superficies, and fo being reftored to its priftine con* 
ftitution became of the fame nature and condition as at firft 
before its Incidence on thofe Prifms ; and therefore, before 
its Incidence, was as much compounded of Rays differendy 
Refrangible as afterwards. 

lllufiratton. In the 22 th Figure ABC and BCD are the 
the two Prifms tied together in the form of a Parallelo- 
piped, their Sides BC and CB being contiguous, and 
their Sides A B and C D Parallel. And H J K. is the third 

Prifm, 
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Prifm by which the Sun’s Light propagated through the 
f T, p :I 0 t |,e dark Chamber, and there pafling through 
■gfe fide of the Prifms AB, BC, CB an<f CD, is refra- 

£L O to thewhite Paper PT, falling thete part y upon 
P by a greater RefraCtion, partly upon T by a Ids Retra- 
ction, aid partly upon R and other intermediate places by 
intermediate Refractions. By turning the Parallelopiped 
ACBD about its Axis, according to the order of the Get- 
ters A, 0,0,3, at length when the contiguous Planes BC 
and CB become fufliciendy oblique to the Rays F M, 
which are incident upon them at M, there wilLyamlh to- 
tally out of the refracted Light OPT, firft of all the raoft 
refracted RaysO P, (the reft OR and O T remaining as 
before) then the Rays O R and other intermediate ones, 
and laftly, the leaft refraCted Rays O T. For when the 
Plane B C becomes fufficiently oblique to the Rays inci- 
dent upon it, thofe Rays will begin to be totally reflect- 
ed by it towards N ; and firft the moft Refrangible Rays 
will be totally reflected (as was explained in the preceding 
experiment) and by confequence muft firft difappear at F, 
and afterwards the reft as they are in order totally reflect- 
ed to N, they muft difappear in the fame order at R and 
T. So then the Rays which at O fuffer the greateft Re- 
fraCtion, may be taken out of the Light MO whilft the reft 
of the Rays remain in it, and therefore that Light M O is 
Compounded of Rays differently Refrangible. And be- 
caufe the Planes A B and C D are parallel, and therefore 
by equal and contrary Refractions deftroy one anothers 
Effects, the incident Light F M muft be of the fame kind 
and nature with the emergent Light M O, and therefore 
doth alfo confift of Rays differently Refrangible. Thefe 
two Lights FM and MO, before the moft refrangible Rays 
are feparatedout of the emergent Light MO agree inCo- 

F lour. 
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lour, and in aft other properties fo far as my obfervatior* 
reaches , and therefore are defervedly reputed of the f arri 
Nature and Conftitution, and by confequence the one i s 
compounded as well as the other. But after the moft R e 
frangible Rays begin to be totally reflected, and thereby 
feparated out of the emergentLight MO, that Light changes 
its Colour from white to a dilute and faint yellow, a pretty 
good orange, a very full red fucceffively and then totally 
vanishes. For after the moft Refrangible Rays which paint 
the Paper at P with a Purple Colour, are by a total re. 
flexion taken out of the Beam of light M G, the reft of 
the Colours which appear on the Paper at R and T beino 
mixed in the light M O compound there a faint yellow 
and after the blue and part of the green which appear on 
the Paper between P and R are taken away, the reft which 
appear between R and T (that is the Yellow, Orange, Red 
and a little Green) being mixed in the Beam M Q cora« 
pound there an Orange $ and when all the Rays are by re- 
flexion taken out of the Beam MO, except the leaftRefran. 
gible, which at T appear of a full Red, their Colour is 
the fame in that Beam MO as afterwards at T, the Re- 
fraction of the Prifm H J K ferving only to feparate the 
differently Refrangible Rays, without making any alteration 
in their Colours, as fhall be more fully proved hereafter, 
All which confirms as well the firft Propofition as the fe- 
GQnd. 

Scholium. If this Experiment and the former be conjoyrved 
. and made one, by applying a fourth Prifm VXY to re- 
fraCt the reflected Beam MN towards tp, the conclufion 
will be clearer. For then the light N p which in the 4th 
Prifm is more refraCted, will become fuller and flronger 
when the Light OP, which in the third Prifm HJK. is 
more refraCted, vanifhes at P and afterwards when the Ids 

refraCM 
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. ir-unT vanifhes at T,the lefs refraCtedLight 

. h receives no further encreafe. And as the trajeCted 

Bcam M O in vanifhing is always of fuch a Colour as 
Beam ivi e . 0 p Colours which 

falfupon At Paper PT, fo is the reflected Beam MN al- 
ways of fuch a Colour as ought to refult from the mix- 
ture of the Colours which fall upon the Pa P“ pt - For 
when the moft refrangible Rays are by a total Reflexion 
taken out of the Beam MO, and leave that Beam ot an 
Orange Colour, the excefs of thofe Rays in the reflected 
Lkht, does not only make the Violet, Indigo and Blue at 
p more full, but alfo makes the Beam M N change from 
the yellowifh Colour of the Sun’sLight, to a pale white in- 
clining to blue, and afterward recover its yellowifh Co- 
lour again, fo foon as all the reft of the tranfmitted light 
MOT is reflected. 

Now feeing that in all this variety of Experiments, 
whether the trial be made inLight reflected, and that either 
from natural Bodies, as in the firft and fecond Experiment, 
or Specular, as in the Ninth 5 or in Light refraCted, and 
that either before the unequally refraCted Rays are by di- 
verging feparated from one another, and lofing their white- 
nefs which they have altogether, appear feverally of feve- 
ral Colours, as id the fifth Experiment $ or after they are 
feparated from one another, and appear Coloured as in the 
fixth, feventh, and eighth Experiments 5 or in Light tra- 
jeCted through Parallel fuperficies, deftroying each others 
Effects as in the 1 oth Experiment 5 there are always found 
Rays, which at equal Incidences on the fame Medium fuf- 
fer unequal RefraCtions, and that without any splitting or 
d j! atin g °f Angle Rays, or contingence in the inequality 
of the Refractions, as is proved in the fifth and fixth Ex- 
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s which differ 
reed from one anotl 
the third Experiment, 
then the feveral 

Refractions, and thofe forts 
after feparation, which w ere 
more refraCted before it, as in the fixth and following Ex, 
periments, and if the Suns Light be trajeCted .through three 
or more crofs Prifms fucceffively, thofe Rays which in the 
firft Prifm are. refraaed more than , others arc in all the fol- 
lowing Prifms, refraaed more then others in the fame rate 
and proportion, as appears by the fifth Experiment; ift 
manifeft that the Suns Light is an Heterogeneous mixture of 
Rays, fome of which are conftancly more Refrangible then 
others* as was to be propofed.. 



PROP. III. Theor. Ill 




The Suit s Light confifts of <%ays differing in ^flexibility, ml 
thofe <l{ays are more Inflexible than others which are mm 
frangible . 

T HIS is manifeft by the ninth' and tenth Experi- 
ments : For in the ninth Experiment, by turning 
the Prifm about its Axis, until the.Rays within it whichh 
going out into the Air wererefradted by its Bafe, became 
fo oblique, to that Bafe, as to. begin to be totally reflected 
thereby ; thofe Rays became firft of all totally reflefted, 
which before at equal Incidences with the reft had fuffered 
the greateft Refraaion. And the fame thing happens in 
the Reflexion made by the common Bafe of the. two Prifins 
in the tenth Experiment, 
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PROP • IV. Prob- I. 

rp he HetevogeneousRays are 

by in thofc very Re f u ' 

^L fides or Lilht edges of the Image becomes perfect. 

Bilt in aU places between thofe rectilinear edges, thofe m- 
numerable^Cireles there deferibed, which are fcverally - 
minated by Homogeneral Rays, by i«terfer,ng with o^ 
another, aAd being every whcre commixt do ende he 
Eight fufficiently Compound. But if thefe Circles, whil 
their Centers keep -their diftances and pofitions, coul 

made lefs in Diameter, their interfering one with another 
and by . confequence the mixture of the Heterogeneous 
Rays would be proportionally dimmifhed. In the 13th 23. 
Figure let AG, B H, CJ, D K, EL F M be the Circles 
which fo many forts of Rays flowing from the .ameDitque 
of the Sun, do in the third Experiment illuminate ; ol ail 
which; and innumerable other intermediate ones lying in a 
continual Series between the two Rectilinear and Parallel 
edges of the Suns oblong. Image PT, that Image is com- 
pofed as was explained in the fifth Experiment. And let 
ag, bh , ci, di, el, fm be fo many lefs Circles lying in 
a. like continual Series between two Parallel right Lines a f 
and g m with the fame diftances between their Centers, 
and illuminated by the fame forts of Rays, that is the 
Circle ag, with the fame fort by which the. correfponding 




t+n 

illuminated, and the Circle bb with the fame 
ie correfponding Circle RH was illuminated 
f the Circles c i, dk^ el, fm refpedfivelv 
with the fame forts of Rays by which the feveral corre- 
fponding Circles CJ, D K, EL, FM were illuminated. 
In the Figure P T compofed of the greater Circles, three 
of thofe Circles A G, B H, CJ, are fo expanded into one 
another, that the three forts of Rays by which thofe Cir- 
cles are illuminated, together with other innumerable forts 
of intermediate Rays, are mixed at Q.R in the middle of 
the Circle B H. And the like mixture happens through, 
out almofl the whole length of the Figure P T. But in 
the Figure p t compofed of the lefs Circles, the three lefs 
Circles ag, b b, c i , which anfwer to thofe three greater, do 
not extend into one another; nor are there any where 
mingled fo much as any two of the three forts of Kays 
by which thofe Circles are illuminated, and which in the 
Figure P T are all of them intermingled at B Hr 
Now he that Ihall thus confider it, will eafily underftand 
that the mixture is diminifhed in the fame Proportion 
with the Diameters of the Circles. If the Diameters of 
the Circles whilft their Centers remain the fame, be made 
three times lefs than before, the mixture will be alfo three 
times lefs; if ten times lefs, the mixture will be ten times 
lefs, and fo of other Proportions. That is, the mixture 
of the Rays in the greater Figure P T will be to their mix- 
ture in the lefs p t, as the Latitude of the greater Figure is 
to the Latitude of the lefs. For the Latitudes of thefe Fi- 
gures are equal to the Diameters of their Circles. And 
hence it eafily follows, that the mixture of the Rays in the 
refradted "Spectrum p t is to the mixture of the Rays in the 
diredt and immediate Light of the Sun, as the breadth of 
that Spedtmm is to the difference between the length and 
breadth of the fame Spedtrum. So 



Circle A G was 
fort by which tl 
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to if we would diminifli the mixture of the Rays, 
we are to d minilh the Diameters of the Circles. Now 
thefe V*M be diminiHed if the Sun’s Diameter to wh.ch 
h V anfwer could be made lefs than it is, or (which comes 
oThefame purpofe) if without Doors, at a great diftance 
from the Prifm towards the Sun, feme opake body were 
placed, with a round hole in themiddle of it, to mteicept 
all the Suns Light, excepting fo much as coming from 
the middle of his Body could pafs through that hole tm 
the Prifm. For fo the Circles A G, B H and the reft, 
would not any longer anfwer to the whole Difque of the 
Sun , but only to that part of it which could be fecn 
froni the Prifm through that hole, that is to the apparent 
magnitude of that hole viewed from the Prifm. But that 
thefe Circles may anfwer more diftindtly to that hole a. 
Lens is to be placed by the Prifm to caft the Image of the 
hole, (that is, every one of the Circles A G, B H, &c.) di- 
ftindfly upon the Paper at P T, after fuch a manner as by 
a Lens placed at a Window the Species of Objedts abroad 
are caft diftinefcly upon a Paper within the Room, and the 
Redlilinear Sides of the oblong folar Image in the fifth 
Experiment became diftindt without any Penumbra. If 
this be done it will not be neceffary to place that hole 
very far off, no not beyond the Window. And therefore 
inftead of that hole, I- ufed the hole in the Window-fihut 
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Exper. Hi In the Suns Light let into my darkned 
Chamber through a fmall round hole in my Window- 
fhut, at about 1 o or 12 Feet from the Window, I placed 
a Lens , by which the Image of the hole might be di- 
ftinaly caft upon a fheet of white Paper, placed at the 
diftanee of fix, eight, ten or twelve Feet from the Lens, 
lor according to the difference of the Lenfes I ufed various 

diftances. 
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diftances , which I think not worth the while to defcrite 
Then immediately after the Lens I placed a Prifm, by 
which the trajefted Light might be refracted either up. 
wards or Tideways, and thereby the round Image which 
the Lens alone did call upon the Paper might be drawn 
out into a long one with Parallel Sides , .as in the third 
Experiment. This oblong Image I let fall upon another 
Paper at about the fame diftance from the Prifm as be- 
fore, moving the Paper either towards the Prifm or from 
it, until I found the juft diftance where the Re&ilinear 
Sides of the Image became moft diftindt. For in this cafe 
the. circular Images of the hole which compofe thatJmage 
after the fame manner that the Circles ag, bh, ci, &c. do 
Fig. 23. the Figure p t , were terminated moft diftin&ly without any 
Penumbra, and therefore extended into one another the 
leaft that they could, and by confecjuence the mixture of 
the Heterogeneous Rays was now the leaft of all. By this 
: Fig. 1 3 , means I ufed to form an oblong Image (fuch as is p t) of 
and 24. circular Images of the hole (fuch as are ag , bh, ci , &c.) 
and by ufing a greater or lefs hole in the Window-fhut, I 
made the circular Images ag , bh, ci , &cc. of which it was 
formed, to become greater or lefs at pleafure, and thereby 
the mixture of the Rays in the Image pt to be as much 
or as little as I defired. 

Fig . 24. llluftration. In the 24th Figure, F reprefents the circular 
hole in the Window-fhut, MN the Lens whereby the 
Image or Species of that hole is caft diftindtly upon a 
Paper at J, ABC the Prifm whereby the Rays are at their 
emerging out of the Lens refradted from J towards ano- 
ther Paper at p t, and the round Image at J is turned into 
an oblong Image p t falling on that other Paper. This 
Image p t confifts of Circles placed one after another in a 
Rectilinear order, as was fufficiently explained in the fifth 

Experiment} 
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Tvntriment , and thefe Circles arc equal to Ac Circle 1 , 

? cnnfequently anfwer in Magnitude to the hole F 3 and 
therefore diminifhing Aat hole they may be at pleafure 
*£ 25 J whil’ft their Centers remain in their places. 
By this means I made the breadth of the Image p t to be 
forty times, and fometimes fixty or feventy timeslels than 
its length. As for inftance, if the breadth of the hole F 
b* - of an Inch, and MF the diftance of the Lens from 
the hole be 1 a Feet 3 and if p B or p M the diftance ot 
rhe Image pt from the Prifm or Lens be 10 Feet, and the 
refraaing Angle of the Prifm be 6 z degrees, the breadth 
of the linage p t will be ~ of an Inch and the length about 
fix Inches, and therefore the length to the breadth as 72 
to 1, and by confecjuence the Light of this Image 71 times 
lefs compound than the Sun’s direefb Light. And Light 
thus far Simple and Homogeneal, is fufficient for trying 
all the Experiments in this Book about fimple Light. For 
the compofition of Heterogeneal Rays is in this Light fo 
little that it is fcarce to be difeovered and perceived by 
fenfe, except perhaps in the Indigo and Violet 5 for thefe 
being dark Colours, do eafily fufFer a fenfible alky by that 
little Mattering Light which ufes to be refradted irregularly 
by the inequaliceis of the Prifm. 

Yet inftead of the circular hole F, ’tis better to fubfti- 
tute an oblong hole fhaped like a long Parallelogram 
with its length Parallel to the Prifm ABC. For if this 
hole be an Inch or two long, and but a tenth or twentieth 
part of an Inch broad or narrower : the Light of the Image 
p t will be as Simple as before or Ampler, and the Image 
will become much broader, and therefore more fit to have 
Experiments tried in its Light than before. 

Inftead of this Parallelogram-hole may be fubftituted a 
Triangular one of ecpal Sides, whofe Bafe for inftance is 

G about 
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about the tenth part of an Inch, and its height an In t, 
more. For by this means , if the Axis of the Prifin k 
Parallel to the Perpendicular of the Triangle , the Im 
Fig. 15. pt will now be formed of Ecjuicrural Triangles ag 

df, ely fitly &c. and innumerable other intermediate * ^ 
anfwering to the Triangular hole in fhape and bignefs^j 
lying one after another in a continual Series between \ > 
Parallel Lines a f and g m. Thefe Triangles are a littf 
intermingled at their Bafes but not at their Vertices and 
therefore the Light on: the brighter fide af of the Imap 
where the Bafes of the Triangles are is a little compounded 
but on the darker fide g m is altogether uncompounded' 
and in all places between the fides the Compofition is 
Proportional to the diftances of the places from that ob. 
feurer fide g m. And having a Spedtrum p t of fuch a 
Compofition, we may try Experiments either in its ftrongei 
and lefs fimple Light near the fide af y or in its weaker 
and fimpler Light near the other fide Im, as it fhall feem 
moft convenient. 

But in making Experiments of this kind the Chamber 
ought to be made as dark as can be, leaf! any forreign 
Light mingle it felf with the Light of the Spedrum //, 
and render it compound ; efpecially if we would try Ex. 
periments in the more fimple Light next the fide gmd 
the Spe&rum; which being fainter, will have a lefs Pro- 
portion to the forreign Light, and fo by the mixture of 
that Light be more troubled and made more compound, 
The Lens alfo ought to be good, fuch as may ferve for 
Optical Fifes, and the Prifm ought to have a large Angle, 
fuppofe of 70 degrees, and to be well wrought, being 
made of Glafs free from Bubbles and Veins, with its fides 
not a little Convex or Concave as ufually happens but 
truly Plane, and its pollifh elaborate, as in working Optick- 

slaffes 
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, and not fuch as is ufually wrought with Putty, 
whereby the edges of the Sand-holes being worn away 
there are left alfover the Glafs a numberlefs company of 
very little Convex polite rifings like Waves. The edges 
alfo of the Prifm and Lens fo far as they may make any 
irregular Refra&ion, muft be covered with a black Paper 
dewed on. And all the Light of the Sun s beam let into 
the Chamber which is ufeieis and unprofitable to the Ex- 
periment, ought to be intercepted with black Paper or other 
black Obfiacles. For otherwile the ufelefs Light being 
reflected every way in the Chamber , will mix with the 
oblong Spe&rum and help to diflurb it. In trying thefe 
things fo much Diligence is not altogether neceffary, but 
it will promote the fuccefs of the Experiments, and by a 
very fcrupulous Examiner of things deferves^to be applied. 
Its difficult to get glafs Prifms fit for this ptirpofe, and 
and therefore I ufed fometimes Prifmatick Vefiels made 
with pieces of broken Looking* giafies, and filled with rain 
Water. And to increafe the Refraction, I fometimes im- 

rirpfTn ^ fprl flip W/afv^r f?-mnrrlt7 ■w/if-ri fssur/'hrrv'fjwi A+uwi 



PROP . V. Theor. IV. 

Homogeneal tight if refracted regularly without any 'Dilatation 
fplitting or /battering of the $ays , and the confu/ed Vifion 
of ObjeBs feen through <fefmcling Bodies by Heterogeneal 
Light arifes from the different %/frangibthiy of federal farts 
of %J, 

T HE firft Part of this Propofition has been already 
lufiiciently proved in the fifth Experiment, and will 
tuuher appear by the Experiments which follow. 



G % 



Exper. 1 1, 




Exper. \ 2. In the middle of a black Paper I ma J 
round hole about a fifth or fixth part of an Inch in IV * 
meter. Upon this Paper I cauled the Spedtrum of Ido 
geneal Light defcribed in the former Proportion (q°' 
fall, chat fome part of the Light might pafs through^ 0 
hole of the Paper. This transmitted part of the Lioh i 
refra&ed with a Prifm placed behind the Paper, antfl 
ting this refracted Light fall perpendicularly upon a white 
Paper two or three Feet diftant from the Prifm, I f 0Un j 
that the Spedtrum formed on the Paper by this Light was 
not oblong, as when Tis made (in the third Experiment) 
by Refraaing the Sun’s compound Light, but was (f 0 f ar 
as I could judge by my Eye) perfealy circular, the length 
being no greater than the breadth. Which fhews that this 
Light is refraaed regularly without any Dilatation of the 
Rays. 

„ Exper. 1 3 . In the Homogeneal Light I placed a Circle 
of {of an Inch in Diameter, and in the Suns unrefra&ed 
Heterogeneal white Light I placed another Paper Circle of 
the fame bignefs. And going from the Papers to thediftancs 
of fome Feet, _ I viewed both Circles through a Prifm. The 
Circle illuminated by the Sun s Heterogeneal Light appear- 
ed very oblong as in the fourth Experiment , the length 
being many times greater than the breadth : but the other 
Circle illuminated with Homogeneal Light appeared Cir- 
cular and diftindtly defined as when 'tis viewed with the 
naked Eye. Which proves the whole Propofition, 

Exper , 1 4. In the Homogeneal Light I placed Flies and 
fuch like Minute Objects, and viewing them through a 
Prifm , I faw their Parts as diftindtly defined as if I had 
viewed them with the naked Eye. The fame Gbjedis pla- 
ced in the Sun’s unrefradted Heterogeneal Light which was 
white ! viewed alfo through a Prifm, and faw them moll 

confufedly 



confufedly defined, fo thatlcould not d.ftmgmfl. then final- 
let Parts Ln one another. I placed alfo the Letters of a 
finall Print one while in the Homogeneal L.ght and then 
in the Heterogeneal, and viewing them through a Pnlm, 
they appeared in the latter cafe fo confuted and mdiftmdt 
that I could not read them ; but in the former they ap- 
peared fo diftina that 1 could read readily , and thought 
[■ law them as diftinft as when I viewed them with my 
naked Eye. In both cafes I viewed the fame Obje&s 
through the fame Prifm at the fame diftance from me and 
in th/fame Situation. There was no difference but in the 
Light by which the Objects were illuminated , and which 
in one cafe was Simple and in the other Compound, and 
therefore the diftindt Vifion in the former cafe and confu- 
fed in the latter could arife from nothing elfe thaff from 
that difference of the Lights. Which proves the whole 
Propofition. 

And' in thefe three Experiments it is further very remar- 
kable, that.. the Colour of Homogeneal Light? was never, 
changed by the Reflation. 

PROP. VI. Theor. V. 



The Sine of Incidence of every Ray confictered apart , is to its Sine 
of RefraBion in a given (Ratio. 

T HAT every Ray confidered apart is conftant to 
it felf in fome certain degree of Refrangibility, is 
fufficiently manifeft out of what has been faid. Thofe 
Rays which in the firft Refradtion are at equal Incidences 
moft refradted, are alfo in the following Refractions at 
equal Incidences moft refradted 5 and fo of the leaft Re- 
frangible, and the reft which have any mean, degree of 

Refran-- 
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Refrangibility, as is manifeft by the 5 th, 6th, yth Rt 
and 9th Experiments. And thofe which the firft time ' 
like Incidences are equally refracted, are again at like r at 
cidences equally and uniformly refradted, and that whe" 
ther they be refradted before they be feparated from ^ 
another as in the 5th Experiment, or whether they here 6 
framed apart, as in the 1 2th, 1 3 th and 14th Experiments" 
The Refradtion therefore of every Ray apart is regula 
and what Rule that Refradtion obferves we are now 
to fhew. 

The late Writers in Opticks teach, that the Sines of In 
cidence are in a given Proportion to the Sines of Refra. 
dtion, as was explained in the 5th Axiom 5 and fome by 
Inftruments fitted for meafuring Refradtions, or otherwife 
experimentally examining this Proportion, do acquaint us 
that they have found it accurate. But whilft they, not 
underftanding the different Refrangibility of feveral Rays, 
conceived them all to be refradted according to one and 
the fame Proportion, \is to be prefumed that, they adapted 
their Meafures only to the middle of the refracted Lightj 
fo that from their Meafures we may conclude only that 
the Rays which have a mean degree of Refrangibility , 
that is thofe which when feparated from the reft appear 
green, are refradted- according to a given Proportion of 
their Sines. And therefore we are now to fhew that the 
like given Proportions obtain in all the reft. That it 
fhould be fo is very reafonable, Nature being ever confor- 
mable to her felf : but an experimental Proof is defired. 
And fuch a Proof will be had if we can fhew that the 
Sines of Refradtion of Rays differently Refrangible are 
one to another in a given Proportion when their Sines of 
Incidence are equal. For if the Sines of Refradtion of all 
the Ray s are in given Proportions to the Sine of Refradtion 
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of a Ray which has a mean degree of Refrang.b.lity, and 
this Sine is in a given Proportion to the equal Sines of 
Incidence, thofe other Sines of Refradtion will alfo be m 
given Proportions to the equal Sines of Incidence. Now 
when the Sines of Incidence are equal, it will appear by 
the following Experiment that the Sines of Refradtion are 
in a given Proportion to one another. 

Exper. 15. The Sun fhining into a dark Chamber 
through a little round hole in the Window- fhut, let S re- f?* 
prefent his round white Image painted on the oppofite 
Wall by his diredt Light, P T his oblong coloured Image 
made by refradting that Light with a Prifm placed at the 
Window 5 and pt, or ip it, or ^p %t, his oblong coloured 
Image mad,e by refradting again the fame Light fideways 
with : a fecond Prifm placed immediately after the firft in 
a crofs Pofidon to it, as was explained in the fifth Experi- 
ment : that is to fay, pt when the Refradtion of the fecond 
Prifm is fflftli, ip 2 1 when its Refradtion is greater, and 
j p 3 1 when it is greateft. For fuch will be the diverfity 
of the Refradtions if the refradting Angle of the fecond 
Prifm be of various Magnitudes 5 fuppofe of fifteen or 
twenty degrees to make the Image p t , of thirty or 
forty to make the Image 2 p 2 t, and of fixty to make 
the Image 3 p 3 t. But for want of folid Glafs Prifms with 
Angles of convenient bigneftes, there may be Veffels 
made of polifhed Plates of Glafs cemented together in the 
form of Prifms and filled with Water. Thefe things being 
thus ordered, I obferved that all the folar Imagesur co- 
loured Spedlrums P T, pt, ip it, 3 f did very nearly 
converge to the place S on which the diredt Light of the 
Sun fell and painted his white round Image when the 
Prifms were taken away. The Axis of the Spedtrum PT 
that is the Line drawn through the middle of it Parallel to 

its 
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its Rectilinear Sides, did when produced pafs exactly thro 

the middle of that white round Image S. And whenh* 
RefraCtion of the fecond Prifm was equal to the RefraCt’ 
of the firft, the refracting Angles of them both being zh^ 
60 degrees, the Axis of the SpeCtrum $p 3 t made bv th Ut 
RefraCtion, did when produced pafs alfo through the mid 
die of the fame white round Image S. But when the R * 
fraction of the fecond Prifm was lefs than that of the firlf 
the produced Axes of the SpeCtrums tp or 2f zp ma ^ 
by that RefraCtion did cut the produced Axis of the Spe 
Ctrum TP in the Points m and a, a little beyond the Cen 
ter of that white round Image S. Whence the Proportion 
-of the Line 3 t T to the Line ^p P was a little greater than 
the Proportion of 2 tT to 2 p P, and this Proportion a little 
greater than that of tT to^P. Now when the Light of 
the SpeCtrum P T falls perpendicularly upon the Waif thofe 
■Lines 3 tT, 3 p P, and 2 1 T, ip P and fT,/>P,are the Tan- 
gents of the Refractions 5 and therefore by this Experiment 
the Proportions of the Tangents of the Refractions are ob- 
tained, from whence the Proportionsof the Sines being deriv- 
ed, they come out equal, fo far as by viewing the SpeCtrums 
and ufing fome Mathematical reafoning I could Eftimate, 
For I did not make an Accurate Computation. So then 
the Propoficion holds true in every Ray apart, fo far as ap- 
pears by Experiment. And that it is accurately true may 
be demonftrated upon this Suppofition, That 'Bodies refraH 
Light by acting upon its <I(ays in Lines Perpendicular to their 
Surfaces. But in order to this Demonftration, I muftdi- 
ftinguifh the Motion of every Ray into two Motions, the 
one Perpendicular to the refracting Surface, the other Pa- 
rallel to it, and concerning the Perpendicular Motion lay 
down the following Proportion. 



If 
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. - — .... rktrt m i? fhin(T whatfoever be incident 
If atiy M r""Xad fnd thin Space termina- 

a bothWes y by two Parallel Planes, and in its paffage 
ted on both lide y nproendicularly towards the 

2?S££S£ S 6 ."?" t- of 

S P umm of the Square of the perpendicular Velocity of 
that Motion or Thing at its Incidence on that fpace 5 
fnd of the Square of the perpendicular Velocity which 
that Motion or Thing would have at its Emergence, if 
at its Incidence its perpendicular Velocity was infinitely 
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^And the fame Propofition holds true of any Motion or 
Thing perpendicularly retarded in its paffage through that 
fpace, if inftead of the Summ of the two Squares you take 
their difference. The Demonftration Mathematicians will 
eafily find our, and therefore I fhall not trouble the Rea- 
der with it. 

Suppofe now that a Ray coming moft obliquely in the Fig. 
Line MC be refraCted at C by the Plane RS into the Line 
CN, and if it be required to find the Line CE into which 
any other Ray AC Hull be refraCted $ let MC, AD, be 
the Sines of incidence of the two Rays, and NG, EE, their 
Sines of Refraction, and let the equal Motions of the In- 
cident Rays be reprefented by the equal Lines M C and 
AC, and the Motion MC being confidered as parallel to 
the refracting Plane, let the other Motion AC be diftin- 
guiftied into two Motions AD and DC, one of which 
AD is parallel, and the other DC perpendicular to the re- 
fracting Surface. Ia like manner, let the Motions of the 
emering Rays be diftinguifh’d into two, whereof the per- 

H pendicular 





perpendicular ones are ^ CG and g OF. And if 4 

force of the refracting Plane begins to aCfc upon the R 
either in that Plane or at a certain diftance from; it on m 
one fide, and ends at a certain diftance from it on W 
other fide, and in all places between thofe two Limits a 
upon the Rays in Lines perpendicular to that rafraCh 
Plane, and the Actions upon the Rays at equal diftaricl 
from the refracting Plane be equal, and at unequal onesei 
ther equal or unequal according to any rate whatever" 
that motion of the Ray which is Parallel to the refracting 
Plane will fufifer no alteration by that force j and that mo- 
tion which is perpendicular to it will be altered according 
to the rule of the foregoing Propofition. If therefore for 
the perpendicular Velocity of the emerging Ray CN you 

write CG as above, then the perpendicular Velocity 




of any other emerging Ray CE which was OF, will be 

equal to the fquare Root of CD^ ft- CG^. And 

by fquaring thefe equals, and adding to them the Equals 
AD <7 and MCj— CD^, and dividing the Summs by the 
Equals CF^ ft- EF^ and CG^- NG^, you will have 

equal to Whence AD, the Sine of Incidence, 

is to EF the Sine of RefraCtion, as MC to NG, that is, 
in a given ratio. And this Demonftration being general, 
without determining what Light is, or by what kind of 
force it is refraCted, or affirming any thing further than 
that the refraCting Body aCts upon the Rays in Lines per- 
pendicular to its Surface 5 I take it to be a very convincing 
Argument of the full Truth of this Propofition. 




So 



So theni if the ratio of the Sines of Incidence and Re- 
rjaion of any fort of Rays be found many one Cafe c 1S 
given in all clfes; and this may be readily found by the 
Method in the following Propofition. 

PROP. VII. Theor. VI. 

The ferfeblm ofTelefcopes Is impeded by the different CRcfran- 
gibility of the-^ays of Light. 

T H E imperfection of Telefcopes is vulgarly attri- 
buted to the fpherical Figures of the Glafles, and 
therefore Mathematicians have propounded to Figure them 
by the Conical Sections. To fliewthat they are mifta- 
ken, I have inferred this Propofitiony the truth of which 
will appear by the meafures of the Refractions of the feve- 
ral forts of Rays 5 and thefe meafures I thus determine. 

In the third experiment of the firft Book, where the re- 
fracting Angle of the Prifm was 6 z[ degrees, the half of 
that Angle 3 1 deg. 1 min. is the Angle of Incidence of 
the Rays at their going out of the Glals into the Air 5 and 
the Sine of this Angle is 5 1 88, the Radius being 10000. 
When the Axis of this Prifm was parallel to the Horizon, 
and the RefraCtion of the Rays at their Incidence on this 
Prifm equal to that at their Emergence out of it, I obferved 
with a Quadrant the Angle which the mean refrangible Rays 
(thatis, thofe which wentto the middle ofthe Sun’s colour- 
ed Image ) made with the Horizon and by this Angle and 
the Sun s altitude observed at the lame, time, I found the 
Angle which the emergent Rays contained with the inciden 
to be 44 deg. and 40 min. and the half of this Angle ad 
ded to the Angle oflncidence 3 1 deg, 15 min. makes th 
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5 min. makes the 
Angle 
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Angle of Refra&ion, which is therefore 5 3 deg. 3 5 m j n4 ^ 
its Sine 8047. Thefe are the Sines of Incidence and Re* 
fraction of the mean refrangible Rays, and their proportion 
in round numbers is 20 to 3 1 . This Gl afs was of a colour in. 
dining to green. The laft of the Prifms mentioned in the 
third Experiment was of clear white Glafs. Its refrafting 
Angle 63' degrees. The Angle which the emergent Rays 
contained, with the Incident 45 deg. 5 o min. The Sine of 
half the firfl Angle 5262. The Sine of half the Summ 
of the Angles 8157* And their proportion in round num. 
bers ao to 3 1 as before. 

From the Length of the Image, which was about p! 0 r 

1 o Inches, fubdudt its Breadth, which was 2 ’ Inches, and 
the Remainder 7 \ Inches would be the length of the Image 
were the Sun but a point, and therefore fubtends the An- 
gle which the moft and leaft refrangible Rays, when inci- 
dent on the Prifm in the fame Lines, do contain with one 
another after their Emergence. Whence this Angle is 

2 deg. o.' 7." For the diftance between the Image and tk 
Prifm where this Angle is made, was 1 8 ~ Feet, and at that 
diftance the Chord Inches fubtends an Angle of 2 deg, 
0/ 7." Now half this Angle is the Angle which thefe e- 
mergent Rays contain with the emergent mean refrangible 
Rays, and a quarter thereof, that is 30* may be ac- 
counted the Angle which they would contain which tk 
fame emergent mean refrangible Rays, were they co-inci- 
dent to them within the Glafs and fuffered no other Re* 
fraaion then that at their Emergence. For if two equal 
Refraaions, the one. at the incidence of the Rays on tk 
Prifm the other at their Emergence, make half the Angle 
2 deg 0/ 7." then one of thofe Refraaions will make 
about a quarter of that Angle,, and this quarter added to 



and (iibdu<fted fc*. 

'f ‘ofRefSon of^ he rooft Ind kaft rJang.ble Rays 
gles of Retract , w hofe Sines are 8099 

M de & l the common Angle of Incidence being 3 1 deg. 
an - 79 fll sine 5 1 88 - and thefe Sines in the leaft round 
numbers are in proportion to one another as 7* and 77 

IO Now if you fubdinSt the common Sine of Incidence ;o 

from the Sines of Refraiftion 77 and 7 *. the 
° ,«A a 8 (hew that m fmall Refraaions the Refraaron 

of the leaft refrangible Rays isto the 

refrangible ones as 17 to 18 very nearly, and that the difc 
ference of the Refractions of the leaft refrangible and moft 
refrangible Rays is about the 27{th part of the whole Re- 

fraction of the mean refrangible Rays. 

Whence they that are skilled in Opticks will eafily un- 
derftand, that the breadth of the leaft circular fpace into 
which Object- Glades ofTelefcopes can collect all lorts ot 
Parallel Rays, is about the 27-th part of half the aperture 
of the Glafs, or 55 th part of the whole aperture; and 
that the Focus of the moft refrangible Rays is nearer to the 
Object-Glafs thanthe Focus of the leaft refrangible ones, by 
about the 27-hh part of the diftance between the Object- 
Glafs and the Focus of the mean refrangible ones. 

And if Rays of all forts, flowing from any one lucid point 
in the Axis of any convex Lens, be made by the Refraction 
of the Lens to converge to points not too remote from the 
Lens , the Focus of the moft refrangible Rays ftiall be 
nearer to the Lens than the Focus of the leaft refrangible 
ones, by a diftance which is to the 27-^th part of the di- 
ftance of the Focus of the mean refrangible Rays from the 
Lens as the diftance between that Focus and the lucid 

point 
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point from whence the -Rays flow is to the diftance k ' 
tween that lucid point and the Lens very nearly, e ‘ 
Now to examine whether the difference between theR 
frail ions which the moil refrangible and the leaft reflan* 
gible Rays flowing from the fame point fuffer in the Ob* 
jed-Glaffes ofTelefcopes and fuch like Glafles, be foorea* 
as is here defcribed, I contrived the following Expen 



ment. 



Exper. 1 6. The Lens which I ufed in the fecond and 
eighth Experiments, - being placed fix Feet and an Inch dif. 
tant from any Objed, colleded the Species of that Object 
by the mean refrangible Rays at the di.fl an ce of fix Feet 
and an Inch from the Lens on the other fide. And there- 
fore by the foregoing Rule it ought to coiled the Species of 
that Objed by the leaf!: refrangible Rays at the diftance of 
fix Feet and 3 1 Inches from the Lens, and by the moil re. 
frangible ones at the diftance of five Feet and lof Inches 
from it : So that between the tw o Places where thefc lead 
and moil refrangible Rays colled the Species, there may 
be the diftance of about 5 -* Inches. For by that Rule, as 
fix Feet and an Inch ( the diftance of the Lens from the 
lucid Object ) is to twelve Feet and two Inches ( the di- 
ftance of the lucid Object from the Focus of the mean re- 
frangible Rays) that is, as one is to two, fo is the 27$ 
part of fix Feet and an Inch (the diftance between the Lens 
and the fame Focus ) to the diftance between the Focus of 
the mofl refrangible Rays and the Focus of the leaft re- 
frangible ones, which is therefore 5 ~ Inches, that is very 
nearly 5-' Inches. Now to know whether this meafure 
was true, I repeated the fecond and eighth Experiment of 
this Book with coloured Light, which was lefs. compound- 
ed than that I there made ufe of : For I now feparated die 

hetero- 
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t, t^mereneous Rays from one another by the Method I de~ 
K 8 in the . J Experiment, fo as to make a coloured 
So tom about twelve or fifteen tmw lonw than broad. 
Thfspearum I call on a printed book and placing the 
1 n ‘ F 1 T t he diftance of fix Feet and an 



above-mentioned Lens at the , r ... 

Inch from this Spedrum to colled: the Species of the ^lllu- 
minated Letters at the fame diftance on the other fide I 
found that the Species of the Letters illuminated with Blue 
were nearer to the Lens than thofe illuminated with deep 
Red by about three Inches or three and a quarter : but the 
Species of the Letters illuminated with Indigo and Violet 
appeared fo confufed and indiftind, that I could not read 
them : Whereupon viewing the Prifm, I found it was full 
of Veins running from one end of the Glafs to the other j 
fo that the Rcfra&ion could not be regular. I took ano- 
ther Prifm therefore which was free from Veins, and in- 
ftead of the Letters I ufed two or three Parallel black Lines 
a little broader than the ftroakes of the Letters, and call- 
ing the Colours upon thefe Lines in fuch manner that the 
Lines ran along the Colours from one end of the Spedum 
to the other, I found that the Focus where the Indigo, or 
confine of this colour and Violet call the Species of the 
black Lines moft diftindly,tobe about 4 Inches or 4* near- 
er to the Lens than the Focus where the deepeft Red caft 
the Species of the fame black Lines moft diftindly. 
The violet was fo faint and dark, that I could not 
difeern the Species of the Lines diftinctly by that Co- 
lour $ and therefore confidering that the Prifm was made 
of a dark coloured Glafs inclining to Green, I took another 
Pifm of clear white Glafs 5 but the Spedrum of Colours 
which this Prifm made had long white Streams of faint 
Light {hooting out from both ends of the Colours, which 
made me conclude that fomething was amifs 5 and view- 
ing 




was 

me 



now 



ing the Prifm, I found two or three little Bubbles i a v 
dafs which refraCted the Light irregularly, Wherefor i 
covered that part of the Glafs with black Paper, and 1 
ting the Light pafs through another part of it which i * 
-free from fuch Bubles, the Spe&rum of Colours beca 
free from thofe irregular Streams of Light, and was 
fuch as I defired. But ftill I found the Violet fo dark and 
faint, that I could fcarce fee the Species of the Lines by the 
Violet, and not at all by the deepeft part of it, which wa s 
next the end of the SpeCtrum. I fufpe&ed therefore that 
this faint and dark Colour might be allayed by that feat, 
tering Light which was refracted , and reflected irregularly 
partly by fome very fmall Bubbles in the Glafles and 
partly by the inequalities of their Polifh : which Light, 
tho’ it was but little, yet it being of a White Colour' 
might fuffice to affect the Senfe fo ftrongly as to difturb 
the Phenomena of that weak and dark Colour the Violet, 
and therefore I tried, as in the i itb, i }th, 14th Expert' 
meats, whether the Light of this Colour did not confifl of 
a fenfible mixture of heterogeneous Rays, but found it did 
■not. Nor did the Refractions caufe any other fenfible 
Colour than Violet to emerge out of this Light, as they 
would have done out of White Light, and by con* 
fequenoe out of this Violet Light had it been fenft* 
bly compounded with White Light. And therefore I con* 
.eluded, that the reafon why I could not fee the Species cl 
the Lines diftinCtly by this Colour, was only the darknefs 
of this Colour and Thinnefs of its Light, and its difi 
ranee from the Axis of the Lens 3 I divided therefore thofe 
Parallel Black Lines into equal Parts, by which I might 
readily know the diftances of the Colours in the SpeCtrum 
from one another, and noted the diftances of die Lens 
from the Foci of fuch Colours as caft the Species of the 

Lines 



~a 4.™ confidered whether the diffe- 

Lines di ® n f ’ Winces beat fuch proportion to j J-Indies, 

T“ ° f diftrence of the diftances which the Foci of 
the peat^ differen t0 have from the Lem, 

the deepeft Rcd obferved Colours from one another 
as the diftance of , _ _ Hiftance of the deepeft Red 

in the Spedtrum heat - P 

a „d Violet fides or excefs of the 

length ciflhe Spectrum above its breadth. And my O - 

fa Whe°n 1 obferved°and'c'ompared the deepeft fenfible Red 
and the Colour in the confine of Green and Blue, which 
at that reaihneat fides of the Speftrum was diftant from it 
half the length of thofe fides the Ferns where the confine 
of Green and Blue caft the Species of the Lines diftmftly 
on the Paper, was nearer to the Lens then the Focus w here 
the Red caft thofe Lines diCtinCtly on it by about 2- or 
% ! Inches. For fometimes the Meafures were a little grea- 
ter fomcrimes a little lefs, but feldom varied from one 
another above j of an Inch. For it was very difficult to 
define the Places of the Foci, without fome little Errors. 
Now if the Colours diftant half the length of the Image, 
( meafured at its rectilinear fides ) give or 2 •* difference 
of the diftances of their Foci from the Lens, then the Co- 
lours diftant the whole length ought to give 5 or 5 j Inches 
difference of thofe diftances. 

But here it’s to be noted, that I could not fee the Red 
to the full End of the SpeCtrum, but only to the Center 
of the Semicircle which bounded that End, or a little far- 
ther 5 and therefore I compared this Red not with that Co- 
lour which was exactly in the middle of the SpeClrum, or 
confine of Green and Blue, but with that which verged a 
little more to the Blue than to the Green : And as I reck- 

I oned 
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oned the whole length of the Colours not to bethe vrVt 
length of the Sp eft rum, but the length of its reftiJjp 
fides, fo completing the Semicirlar Ends into Circles 
either of the obferved Colours fell within thofe Circles *?■ 
meafured the diftance of that Colour from the End of th 
Speftrum, and fubdufting half the diftance from the tnti 
fured diftance of the Colours, I took the remainder f 0 * 
their correfted diftance $ and in thefe Obfervations f £ [ 
down this correfted diftance for the difference of their dj 
ftances from the Lens. For as the length of the reftili nea j 
fides of the Speftrum would be the whole length of all the 
Colours, were the Circles of which ( as we fhewed) that 
Speftrum confifts contrafted and reduced to Ph-yfical 
Points, fo in that Cafe this correfted diftance would be the 
real diftance of the obferved Colours. 

When therefore I further obferved the deepeft fenfible Rd 
and that Blue whofe correfted diftance from it was £ parts 
of the length of the reftilinear fides of the Speftrum, the 
difference of the diftances of their Foci from the Lens was 
about 3^ Inches, ana as 7 to 1 2 fo is 3 ~ to 5 i. 

When I obferved the deepeft fenfible Red, and that Indi- 
go whofe correfted diftance was £ or \ of the length of the 
reftilinear fides of the Speftrum, the difference of the i 
ftances of their Foci from the Lens, was about 3 * Indie, 
and as z to 3 fo is 3 \-to yj. 

When I obferved the deepeft fenfible Red, and that deep 
Indigo whofe correfted diftance from one another was 01 
i of the length of the reftilinear fides of the Speftum, the 
difference of the diftances of their Foci from the Lens was 
about 4 Inches 5 and as 3 to 4 fo is 4 to 5 1 . 

When I- obferved the deepeft fenfible Red,, and that par; 

nhe Violet next the Indigo whofe correfted diftance froit 
Red was ^ or f of the length of the reftilinear fides of 

the 



- [67 ] 

, , nearum - the difference of the diftancesof their Foct 
frorn^he^Lens was about 4 I Inches, and as J to < 5 , fo .a 
,i ,o For fometimes when the Lens was advantag- 
in' 1 { iuA fo that its Axis rcfpccted the Blue, and all 
thinLLlfe were well ordered, and theSun flione clear, -an ^ 
I hefd my Eye very near to the Paper on which the Lens 
caft the Species of the Lines, I could ce P re ^Y 1 
the Species of thofe Lines by that pa« of i ^ oIm „ £ 
was next the Indigo 5 and fometimes I could fee them by 
ibovetlf the Violet. For in making thefe Experiments 
I had obferved, that the Species of thofe Colours only ap- 
peared diftinct which were in or near the Axis or the Lens - 
So that if the Blue or Indigo were in the Axis, I could lee 
their Species diftinctly $ and then the Red appeared much 
Id's diftinct than before, Wherefore I contrived to make 
the Spectrum of Colours fhorter than before, fo that both 
its Ends might be nearer to the Axis of the Lens, And 
now its length was about i{ Inches and breadth about ^or 
} of an Inch. Alfo inftead of the black Lines on which the 
Spectrum was caft, I made one black Line broader than 
thofe, that I might fee its Species mote eafily ; and this 
Line I divided by fhoit crofs Lines into equal Parts, : for 
meafuringthe diftances of the obferved Colours. And now 
I could fometimes fee the Species of this Line with its divi- 
fions almoft as far as the Centers of the Semicircular Violet 
End of the Spectrum, and made- thefe further Obfervations. 

When I obferved the deepeft fenfible Red, and that part 
of the Violet whofe correfted diftance from it was about 
| Parts of the reftilinear fides of the Speftrum the difference 
of the diftances of the Foci of thofe Colours from the Lens, 
was one time- another time 4J, another time 4^, Inches, 
and as 8 to lb are 4 j, 4J,. 4ft to 5 5^5 J! refpedtrively. 

Ia When 
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When I obferved the deepeft fenfible Red, and deepeft 
fenfible Violet* (the corrected diftanee of which Colours 
when all things were ordered to the beft advantage, and the 
Sun (hone very clear, was about l ~ or ~ parts of the length 
of the rectilinear fides of the coloured Spectrum, ) I found 
the difference of the diftances of their Foci from the Lens 
fcmetimes 4J fometimes 5 and for the mofl part 5 Inches 
or thereabouts : and as vi to 12 or 15 to 2 d, fo is five 
Inches to 5 l - or 5 ~ Inches. 

And by this progreffion of Experiments I fatisfied my 
felf, that had the light at the very Ends of the Spectrum been 
ftrong enough to make the Species of the black Lines ap. 
pear plainly on the Paper, the Focus of the deepeft Vio. 
let would have been found nearer to the Lens, than the Fo- 
cus of the deepeft Red, by about 5 J- Inches at leaft. And 
this is a further Evidence, that the Sines of Incidence and 
Refraction of the feveral forts of Rays, hold the fame pro- 
portion to one another in the fmalleft Refractions which 
they do in the greatefL 

My progrefs in making this nice and troublefome Expe- 
riment I have fet down more at large, that they that ftiall 
try it after me may be aware of the CircumfpeCtion re- 
quifite to make it fucceed well. And if they cannot make 
it fucceed fo well as I did, they may notwithftanding col- 
led: by the Proportion of the diftanee of the Colours in the 
SpeCtrum, to the difference of the diftances of their Foci 
from the Lens, what would be the fuccefs in the more di- 
ftant Colours by a better Trial. And yet if they ufe a 
broader Lens than I did, and fix it to a long ftreight Staff 
by means of which it may be readily and truly directed to 
the Colour whofe Focus is defired, I queftion not but the 
.Experiment will fucceed better with them than it did with 

-me. For I directed the Axis as nearly as I could to the 

middle 
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* r hen the faint Ends of the 

middle °f th « C ^“ r e from the Axis, call their Species lets 

Mv on'the Paper than they would have done had the 
diftinctly o r 1. to them. 

has been feid ^ “gf to £ fame' 

^ ^ p4 ft T 

Focus, but it they Foci arc one t he other, the 

the Lens on one fidea .y e Rays flmll be nearer to the 

T F0CU \h° nt^of the ieail refrangible, by above the four- 
^nthpart of the whole diftanee: and if they flow from a lu- 
d nofnt fo very remote from the Lens that before their 
r d thev may be accounted Parallel, the Focus of the 
" C1 ft refnneille Rays ftiall be nearer to the Lens than the 
tbcus'of theLaft refrangible, by about the z/th or z8th part 
of their whole diftanee from it. And the Diametei of 
Circle in the middle fpace between thofe two Foci which 
they illuminate when they fell there on any Plane, perpen- 
dicular to the Axis (which Circle is the leaft into which 
they can all be gathered) is about the 55th part of the Dia- 
meter of the aperture of the Glafs. So that tis a wonder 
that Telefcopes reptefent ObjeCts fo diftinCt as they do. But 
were- all the Rays' of Light equally refrangible, the Error 
arifing only from the fphericalnefs of the Figures of Glaffes 
would be many hundred times lefs. For if the Objeft- 
Glafs of a Telefcope be Plano-convex, and the Plane fide 
be turned towards the ObjeCt, and the Diameter of the 
Sphere whereof this Glafs is a fegment,be called D, and the 
Semidiameter of the aperture of the Glafs be called S, and 
the Sine of Incidence out of Glafs into Air, be to the Sine of 
Refraction as I to R: the Rays which come Parallel to the 
Axis of the Glafs, fihall in the Place where the Image of the 
Obje& is moft diftinCtly made, be fcattered all over a little 
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Cirdc whofe Diameter is \ * ^ Very nearly,' as , 

ther by computing the Errors of the Rays by the metli ] 
of infinite Series, and rejecting the Terms whofe q n ^ 
titles are inconfiderable. As for inftance, if the Sine of}' 
cidence I, be to the Sine of Refraction R, as to to 3 i ^ 
if D the Diameter of the Sphere to which the Convex f? 
of the Glafs is ground, be i oo Feet or 1 100 Inches 1 5 
S the Semidiameter of the aperture be two Inches' the 

Diameter of the little Circle ( that is f~~ ) will J 

* 8 ;r zr , 

3.0. * 1200 k 1200 ' 5600000 > p 3 .rts or an Inch, But the 

Diameter of the little Circle through which thefe Rays are 
fcattered by unequal refrangibility, will be about the << t li 
part of the aperture of the Objeft-Glafs which here is four 
Inches. And therefore the Error arifing from the fpherical 
Figure of the Glafs, is to the Error arifing from the diffe. 
rent Refrangibility of the Rays, as to j- s that is as , 

to 8 1 5 1 : and therefore being in Comparifon fo very little 
deferves not to be considered. ’ 




But you will fay, if the Errors caufed by the different re- 
frangibility be fo very great, how comes it to pafs that Ob 
jefts appear through Telefcopes fo difiind: as they do ? Ian. 
fwer, "tis becaufe the erring Rays are not fcattered uniform, 
ly over all that circular fpace, but collected infinitely more 
denfely in the Center than in any other part of the Circle 
and in the way fiom the Center to the Circumference grow 
continually rarer and rarer, fo as at the Circumference to 
become infinitely rare* and by reafon of their rarity are 
not ftrong enough to be vifible, unlefs in the Center and ve- 
ry near it. Let AD E reprefent one of thofe Circles de- 
scribed with the Center C and Semidiameter AC, and let 
BFG be afmaller Circle concentric to the former, cutting 

with 



AC * n b/to its deity »N, as AB to BC» 

m ndl P whok Light Within the leffer Circle BFG, w.ll be 

mfhewhokbglM within the greater A^D. ^th^Excef^of 

te times denfer in Behan in N, and the whole L.ght with- 
in the lefs Circle, will be rothe whole Light within the grea- 
«r as nine to twenty five. Whence it's evident that the 
Livht within the lefs Circle, muftftrike the fenfe much more 
ftrongly, than that feint and dilated light round about be- 
tween it and the Circumference of the greater. 

But its further to be noted, that the molt luminous ot 
the prifmatick Colours are the Yellow and Orange. Theie 
aftft the Senfes more ftrongly thanaU the reft together, and 
next to thefe in ftrength are the Red and Green. TheBlue 
compared with thefe is a faint and dark Colour, and the In- 
digO‘ and Violet are much darker and fainter, fo that thefe 
compared with the ftronger Colours are little to be regard- 
ed. The Images of Objedts are therefore to be placed, not 
in the Focus of the mean refrangible. Rays which are in the 
confine of Green and Blue, but in the Focus of thofe Rays 
which are in the middle of the Orange and Yellow 5 there 
where the Colour is moft luminous and fulgent, that is in 
the brighteft Yellow, that Yellow which inclines more to 
Orange than to Green. And by the Refraction of thefe 
Rays ( whofe Sines of Incidence and Refraction in Glafs 
are as 1 f and; 11 ) the Refraction of Glafs and Cryftal- for 
optical ufesds- to be meafured. Let us therefore place the: 
Image of the Object m the Focus of thefe Rays, and all the 
Yellow and Orange will fall within, a) Circle, whofe- Dia- 
meter is about the ayoth. part of the Diameter of tho aper- 
ture: 
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turc of the Glafs, And if you add the brighter half of 4 
Red, ( that half which is next the Orange, and the bright 6 
half of the Green, (that half which is next the Yellow ) & 
bout three fifth parts of the Light of thefe two Colours wig 
fall within the fame Circle, and two fifth parts will fall with 
out it round about $ and that which falls without will be 
Ipread through almoft as much more fpace as that which 
falls within, and fo in the grofs be almoft three times ra. 
rer. Of the other half of the Red and Green, ( that is of 
the deep dark Red and Willow Green ) about one quartet 
will fall within this Circle, and three quarters without and 
that which falls without will be fpread through about four 
or five times more Ipace than that which fall within j andfo 
in the grofs be rarer, and if compared with the whole Light 
within it, will be about 15 times rarer than all that taken in 
the grofs 5 or rather more than 50 or 40 times rarer, be. 
caufe the deep red in the end of the Spectrum of Colours 
made by a Prifm is very thin and rare, and the Willow Green 
is fomethirig rarer than the Orange and Yellow. The Light 
of thefe Colours therefore bring fo very much rarer than that 
within the Circle, will fcarce affedt the Senfe especially fince 
the deep Red and Willow Green of this Light, are much 
darker Colours then the reft. And for the fame reafon the 
Blue and Violet being much darker Colours than thefe, and 
much more rarified, may be neglected. For the denfe and 
bright Light of the Circle, will obfcure the rare and weak 
Light of thefe dark Colours round about it, and render them 
almoft infenfible. The fenfible Image of a lucid point is 
therefore fcarce broader than a Circle whofe Diameter is 
the 250th part of the diameter of the aperture of the Object 
Glafs of a good Telefcope, or not much broader, if you 
except a faint and dark mifty light round about it, which 

a Spe&ator will fcarce regard. And therefore in a Telefcope 

whole 



~ T nc hes and length an hundred Feet, 

whofe aperture is # J ^nd in a Telefcope whofe 

it exceeds not 2 45 j j 5 i* naf h 20 or 20 Feet, it may 
aperture is two aces, c An( j t hj s Anfwers well to 

be 5 <lr aI1 p f ome Aftronoraers have found the Dia- 
Expetience . For lotne a of betwee n twenty 

meters of the fixt Stars, m leit.cop^ ^ ^ ^ moft 

and fixty Feet in engc ^ £ Gla f s be tinned faintly 

6 ■ u , D, rr o f a Lamp or Torch, to obfcure the Light 

with thefmoke of a Lamp o ^ [he > c|rcl , mfer( , nce of the 

i ceafc’to bc vifible,an 8 d the Star (if the Glafs be fuffia- 
Llv foiled with fmoke) appears fomething more like a Ma- 
thematical Point. And for the fame reafon, the enormous 
part of the Light in the Circumference of every lucid Point 
ought to be lefs difcernable in (horter Tele fc opes than in 
longer, becaufe the fhorter tranfmit lefs Light to the Eye. 

Now if we fuppofe the fenfible Image of a lucid point, 
to be even 250 times narrower than the aperture of the 
Glafs* yet were it not for the different re&angibility 01 the 
Rays,* its breadth in an 1 00 Foot Telefcope whofe aperture 
is 4 Inches would be but ^35 parts of an Inch, as is ma- 
nifeft by the foregoing Computation. And therefore in 
this Cafe the greateft Errors arifing from the fpherical Figure 
of the Glafs, would be to the greateft fenfible Errors ari- 
fing from the different refrangibility of the Rays as 
to — at moft, that is only as 1 to 1826. And this fuffi- 

s J - " ' 

ciently fhews that it is not the Ipherical Figures of Giaues 
but the different refrangibility of the Rays which hinders the 
perfeftion of T elefcopes. 

There is another Argument by which it may appear that 
the different refrangibility of Rays, is the true Caufe of the 
imperfection of Telefcopes. For the Errors of the Rays 
arifing from the Ipherical Figures of Objedt-Glaffes, are as 
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the Cubes of the apertures of the Objea>Giaffes;atid ffient 
to make Telefcopes of various lengths, magnify with tau r 
diftindtnefs, the apertures of the Objedt-Glaffes, and th 
Charges or magnifying Powers, ought to be as the Cubes of 
the fquare Roots of their lengths; which doth not anfwe 
to Experience, But the errors of the Rays arifina 
the different refrangibility, are as the apertures of the Ob 
jedt-Glaffes, and thence to make Telefcopes of various 
lengths, magnify with equal diftin&nefs, their apertures and 
charges ought to be as the fquare Roots of their lengths, 
and this anfwers to experience as is well known. For ifj 
fiance, a Telefcope of 64 Feet in length, with an aperture 
of 2? Inches, magnifies about 120 times, with as tnuch dif 
tindtnefs as one of a Foot in length, with i of an Inch aper* 
m re, magnifies 15 times. 

Now were it not for this different refrangibility of Rayj. 
Telefcopes might be brought to a greater Perfection than 
we have yet defcribed, by compofmg the Objed-Glafs of 
two Glaffes with Water between them- Let ADFC repre- 
t%. 2 o-fen t the ObjeCt-Glafs compofed of two Glaffes ABED and 
and BEFC, alike convex on the outfides AGD and CHF 
and alike concave on the infides BME, BNE, with Water 
in the concavity BMEN. Let the Sine of Incidence out of 
Glafs into Air be as I to R and out of Water into Air as K 
to R, and by confequence out of Glafs into Water, as I to 
K : and let the Diameter of the Sphere to which the convex 
fides AGD and CHF are ground be D, and the Diameter 
of the Sphere to which the concave fides BME and BHE 
are ground be to D, as the Cube Root of KX— KI to the 
Cube Root of RK— RI: and the Refractions on the eon- 
cave fides of the Glaffes, will very much correct the Errors 
of the Refractions on the convex fides, fo far as they arife 
from the fphericalnefs of the Figure* And by this means 




■ • Hunmiut Terms well accommodated, For 

contrivance of Hugenms leems , i-eadilv 

very long Tubes are cumberfome, and fcarce to be iea . > 
ma Lged, and by reafon of their length are very apt to 
bend, S and fhake by bending fo as to caufe a ctmunu i 
trembling in the ObjeCts, whereby it becomes difficult to 
fee them di fondly : whereas by his contrivance the Glaffes 
are readily manageable, and the ObjeCt-Glafs being fixt up- 
on a ftrong upright Pole becomes inore freddy. 

Seeing therefore the improvement of Telefcopes ol given 

lengths by Refractions is defperate , I contrived heretofore a 
PerTpeClive by reflexion, ufing inftead of an ObjeCt Glafs 
a concave Metal. The diameter of the Sphere to which 
the Metal was ground concave was about 25 Englifh Inches, 
and by confequence the length of the Inftrument about fix 
Inches and a quarter. The Eye-Glafs was plano-convex, 
and the Diameter of the Sphere to which the convex fide was 
ground was abput I pf an Inch, pr a little lefs, and by con- 
fequen.ee it magnified between ^ ,0 and 40 times. By ano- 
ther way of measuring I found that it rpagnified about 
3 5 times. 7 'h^ Concave Metal bore an aperture of an Inch 
and a third part 5 but the aperture was limited not by an 
opake Circle, covering the Limb of the Metal round abpur, 
but by an opake circle placed between the Ey.e- Glafs and the 
Eye, and perforated in the middle with a little round hole 
for the Rays to pafs through to the Ey.e. For this Circle 
by being placed here, ftopt much of the erroneous Light, 
•which ptherwife would have diflurbed the Vilion. By com- 
paring jt with a pretty good Perfpe&ive of four Feet in 

K. * ■ 
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length, made with a concave Eye- Glafs, I could read at • 
greater diftance with my own Inftrument than with th 
Glafs. Yet Objects appeared much darker in it than in the 
Glafs, and that partly becaufe more Light was loft by re- 
flexion in the Metal, then by refradion in the Glafs, and 
partly becaufe my Inftrument was overcharged. Had it 
magnified but 30 or % 5 times it would have made the Objeft 
appear more brisk and pleafant. Two of thefe Imade about 
1 6 Years ago, and have one of them ftill by me by which 
I can prove the truth of what I write. Yet it is not fo good 
as at the firft. For the concave has been divers times°tar- 
nifhed and cleared again, by rubbing it with very foft Lea- 
ther. When I made thefe, an Artift in London undertook 
to imitate it 5 but ufing another way of polifhing them 
than I did, he fell much fhort of what I had attained to 
as I afterwards underftood by difcourling the under-Work- 
man he had imployed. The Polifh I ufed was on this man- 
ner. I had two round Copper Plates each fix Inches in 
Diameter, the one convex the other concave, ground ve- 
ry true to one another. On the convex I ground the Ob- 
jed-Metal or concave which was to be polifh’d, till it had 
taken the Figure of the convex and was ready for a Polifh. 
Then I pitched over the convex very thinly, by dropping 
melted pitch upon it and warming it to keep the pitch 
foft, whilft I ground it with the concave Copper wetted to 
make it fpread evenly all over the convex. Thus by work- 
ing it well I made it as thin as a Groat, and after the con- 
vex was cold I ground it again to give it as true a Figure as 
I could. Then I took Putty which I had made very fine 
by wafhing it from all its grofler Particles, and laying a lit- 
tle of this upon the pitch, I ground it upon the Pitch with 
the concave Copper till it had done making a noife 3 and 
then upon the Pitch J ground the Qbjed-Metal with a brisk 

Motion. 



im 

c two or three Minutes of time, leaning 

Motion, for abou ‘ upon the Pitch and 

hard upon * Then I J® ^ ^ * „ oife a n d after- 



upor 
id it 



ground it a S*f n f obieift Metal upon it as before. And 

nil the Metal Ls pohfted grinding 
Sff time with all my ftrength for a good while toge- 
ther, and frequently breathing npon the P.tch to keep .^ 
moift without laying on anv more P^- , J “ 
jeft-Metal was two Inches broad and about <W th 1 | f 

of an Inch thick, to keep it from bending. I "ad two oj 
thefe Metals, and when I had polilhed them both I tried 
which was beft, and ground the other again to fee if I could 
make it better than that which I kept. And thus by many 
Trials I learnt the way of polifhing, till I made thofe two 
reflecting Pefpedives I fpake of above. For this Art of 
polifhing will be better learnt by repeated Practice than by 
my defeription. Before I ground the Objed Metal on the 
Pitch, I always ground the Putty on it with the concave 
Copper till it had dlone making a noife, becaufe if the Par- 
ticles of the Putty were not by this means made to ftick 
faft in the Pitch, they would by rolling up and down grate 
and fret the Objed Metal and fill it full of little holes. 

But becaufe Metal is more difficult to polifh than Glafs 
and is afterwards very apt to be fpoiled by tarniffling, and 
reflects not fo much Light as Glafs quick-filvered over does: 

I would propound to ufe inftead of theMetal, a Glafs ground 
concave on the forefide, and as much convex on the back- 
fide, and quick-filvered over on the convex fide. The Glafs 
muft be every where of the fame thicknefs exadly. Other- 
wife it will make Objeds look coloured and indiftind. By 
fuch a Glafs I tried about five or fix Years ago to make 
a refleding Telefcope of four Feet in length to magnify a- 
bout 1 50 times, and I fadsfied my felf that there wants no- 
thing 
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thing tut agood Artift to bring the defign to p er &A> . 
For the Giafs being wrought by one of our London Ar!°a 
after Inch a manner as they grind Glaffes for Telef “ 
tho it feemed as well wrought as the Objed Glaffes C f^ 
be, yet when it was quick-filvered, the reflexion difcoV 
innumerable Inequalities all over the Giafs. And by Jr 
of thefe Inequalities, Objeds appeared indiftind inthiu^ 
ftrument. For the Errors of refleded Rays caufed bv 
Inequality of the Giafs, are about fix times greater than? 
Errors of refraded Rays caufed by the like Inequalities V* 
by this Experiment I fatisfied my felf that the reflexion a 
the concave fide of the Giafs, which I feared would difturl 
the vilion, did no fen Able prejudice to it, and by confequence 
that nothing is wanting to perfed thefe Telefcopes, but 
good Workmen who can grind and polilh Glaffes truly fp^ 
rical. An Objed'Glafs of a fourteen Foot Telefcope, made 
by one of our London Artificers, I once mended confidera. 
bty? by grinding it on Pitch with Putty, and leaning ve- 
ry eafily on it in the grinding, left the Putty fhould ftratdi 
it. Whether this way may not do well enough for poll- 
ing thefe refleding Glaffes, I have not yet tried. But k 
that fliali try either this or any other way of poiifhing whidi 
he may think better, may do well to make his Glaffes m- 
dy for poiifhing by grinding them without that violence, 
wherewith our London Workmen prefs their Glaffes in grind- 
ing. For by fuch -violent preffure, Glaffes are apt to bend 
a little in the grinding, and fuch bending will certainly fpoil 
their Figure. To recommend therefore -the eonfi deration 
of thefe refleding Glaffes, to fuch Artifts as are curious in 
figuring Glalfes, I fliall defcrjbethis Optical Inftrument in 
the following Propofition. 

PROP. 




r 
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PROP. VII. Prob- II- i 

To Jborten Tdefcopts. 

ET ABDC reprefent a Giafs Ipherically concave on 257. 
_j the forefide AB, and as much convex oil theback- 



fidrCD, fo that it be every where of ah equal thicknefs. Let 
it not be thicker on one fide than on the other, left it make 
Objeds appear coloured and indiftind, and let it be very 
truly wrought and quick-filvered over on the backfide 5 and 
fee in the Tube VXYZ which mull be very black within.- 
Let EFG reprefent a Prifm of Giafs or Cryftal placed near 
the other end of the Tube, in the middle of it, by means of 
a handle of Brafs or Iron FGK, to the end of which made 
flat it is cemented. Let this Prifm be redangular at E, and 
Id the other two Angles at F and G be accurately equal to 
each other, and by confequence equal to half right ones, and 
let the plane fides FE and GE be fquare, and by confe- 
rence the third fideFG a redangular parallelogram, whole 
length is to its breath in a fubduplicate proportion of two 
to one. Let it be fo placed in the Tube, that the Axis of 
the Speculum may pafs through the middle of the fquare 
fide EF perpendicularly, and by confequence through the 
middle of the fide F G at an Angle of 45 degrees, and let the 
fide EF be turned towards the Speculum, and the diftanee 
of this Prifm from the Specuhim be fiich that the Rays of the 
light PQ, RS-, &:c.. which are incident upon the Speculiim in 
Lines Parallel to the Axis thereof, may enter the Prifm at 
the fide EF, and be refleded by the fide F G, and thence 
go out of it through the fide GE, to the point T which 
muit be the common Focus of the Speculnm ABDC and nf 
^Plano-convex Eye-Glaf S H, through which thofe Rays 
muft pafs to the Eye. And let the Rays at their coming 



out. . 




out of the Glafs pafs through a fmall round hole or a* 
ture made in a little Plate of Lead, Brafs, or Silver wlf^* 
with the Glafs is to be covered, which hole muft be ^ 
bigger than is neccflary for light enough to paf s t U miT ? 
For fo it will render the Object diftinft, the Plate in whH 
tis made intercepting .all the erroneous part of the Lip! 
which comes from the Verges of the Speculum AB. sfi 
an Inftrument well made if it be 6 Foot long, ( reckoni^ 
the length from the Speculum to the Prifm, and thence^ 
the Focus T) will bear an aperture of 6 Inches at the Spe° 
culum, and magnify between two and three hundredtimes 
But the hole H here limits the aperture with more advan^ 
tage, then if the aperture was placed at the Speculum. If 
the Inftrument be made longer or fhorter, the aperture mud 
be in proportion as the Cube of the fcfuare Root of the 
length, and the magnifying as the aperture. But its con. 
venient that the Speculum be an Inch or two broader than 
the aperture at the leaft, and that the Glafs of the Speculum 
be thick, that it bend not in the working. The Prifin EFG 
muft be no bigger than is neceffary, and its back fide FG 
muft not be quick-filvered over. For without tjuick-fijytr 
it will reflect all the Light incident on it from the Speculum, 
In this Inftrument the Objeft will be inverted, but may 
be ere&ed by making the fquare fides EF and EG of the 
Prifm EFG not plane but fpherically convex, that the Rajs 
may crofs as well before they come at it as afterwards be- 
tween it and the Eye-Glafs. If it be defired that the Inftm- 
ment bear a larger aperture, that may be alfo done by com- 
pofing the Speculum of two Glafles with Water bet wees 
them. 
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PART II. 



PROP. I. THEOR. I. 

The ThMomem of Colours in refraBed or reflected Light 
are not caujed by new modifications of the Light varioufi 
/y imprefly according to the variom terminations of the 



Light ana Shadow. 



The Proof by Experiments, 



EX PER. I. 



F OR if the Sun fhine into a very dark Chamber £7^ i 
through an oblong Hole F, whole breadth is the 
iixth or eighth part of an Inch, or fomething lefs ; and 
his Beam FH do afterwards pafs firft through a%ery 
large Prilrn ABC, diftant about oo Feet from the 

^ Hole, 
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Hole, and parallel to it, and then (with its white narrt 
through an oblong Hole H, whofe breadth is about- 
the fortieth or fixtieth part of an Inch, and which; 
made m a black opake Body G and placed at the 
cliftance of two or three Feet from the Prifm in a ns. 
tallel fit nation both to the Prifm and to the former 
Hole, and if this white Light thus tranfmitted through 
the Hole H, fall afterwards upon a white Paper m 
placed after that Hole H, at the diilance of three oj 
four Feet from it, and there paint the ufual Colours of 
the Prifm, fuppofe red at t, yellow at s, green at r 
blue at q, and violet at p ; you may with an iron Wire 1 
or any fuch like {lender opake Body, whofe breadth is 
about the tenth part of an Inch, by intercepting the rays 
at k, 1, m, n or o, take, away any one of the Colours 
at t, s, r, q or p, whilfl the other Colours remain up- 
on the Paper as before ; or with an obftacle fomethine 
bigger you may take away any two, or three, or four Co- 
lours together, the reft remaining : So that any one of 
the Colours as well as violet may become outmoft in 
the confine of the fhadow towards p, and any one of 
them as well as red may become outmoft in the confine 
of the fhadow towards t, and any one of them may alfo 
border upon the fhadow made within the Colours by 
. the obftacle R intercepting fome intermediate part of 
the Light; and, laftly, any one of them by (being 
left alone may border upon the fhadow on either hand, 
All the Colours have themfelves indifferently to any 
confines of fhadow, and therefore the differences of thele 
Colours from one another, do not a rife from the diffe- 
rent confines of fhadow, whereby Light is varioufly 
modified as has hitherto been the Opinion of Phiiofo 
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EX PER. II. 

The Sun’s Light let into a dark Chamber through FVg. 
th^ ound^Holepf half an Inch wide, paffed fir ft through 
tlie Prifm ABC placed at the Hole, and then thioug 1 
a Lens PT fomething more than four Inches broad, and 
about eight Feet diftant from the Prifm, and thence con* 
verged to O the Focus of the Lens diftant from it about 
three Feet, and there fell upon a whitepaper D E* 
that Paper was perpendicular to that Light incident up- 
on it, as ’tis reprefented in the pofture D E, all the Co- 
lours upon it at O appeared white. But if the Paper 
being turned about an Axis parallel to the Prilm, be- 
came very much inclined to the Light as ’tis reprefen- 
ted in the pofitions de and ; the fame Light in the 
one cafe appeared yellow and red, in the other blue. 

. Here one and the lame part of the Light in one and the 
lame place, according to the various inclinations of the 
Paper, appeared in one cafe white, in another yellow 
or red, in a third blue, whilft the confine of Light and 

L 1 — 



Shadow, 
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Shadow, and the refractions of the Prifm in all t W 
caies remained the fame. 

EX PER. III. 

Such another Experiment may be more eafily tried 
as follows. Let a broad beam of the Sun's Light combo 
into a dark Chamber through a Hole in the Windor 
lhut.be refracted by a large Prifm ABC, whole 
framing Angle C is more than 60 degrees^ and fo f 00i J 
as it comes out of the Prifm let it fall upon the white 
Paper DE glewed upon a ftif plane, and this Light, 
when the Paper is perpendicular to it, as ’cis repreten- 
ted in DE, will appear perfectly white upon the Paper 
but when the Paper is very much inclined to it in fuel! 
a manner as to keep always parallel to the Axis of the 
Prifm, the whltenefs of the whole Light upon the 
Paper will according to the inclination of the Paper 
this way, or that way, change either into yellow and 
red, as in the pofture de , or into blue and violet, as 
in the pofture And if the Light before it fall upon 
the Paper be twice refraCted the fame way by two pa- 
rallel Prifms, thefe Colours will become the- more com 
fpicuous: Here all the middle parts of the broad beam 

of white Light which fell upon the Paper, did without 
any confine of fhadow to modify it, become coloured 
all over with one uniform Colour, the Colour being al- 
ways the lame in the middle of the Paper as at the 
edges, and this Colour changed according the various 
obliquity of the reflecting Paper,, without any change 
in the refractions or fhadow, or in the Light which 
fell upon the Paper. And therefore thefe Colours are 



. . r raufe than the new mo- 

to be derived from fra< cft ons an d fhadows. 
difications ot L*gh_ y their caufe? I anlwcr, 

in t 

ter'thr.u by the former, and therefore the Ids un» 

giible rays 'are predominant m t he A . 

SrliPi-pvpr thev are predominant in any Eight tne ) u & 
w ^red or veliolv, as may in feme mealure appear by 
riae &ft Proportion of tire firft Book, and will more ft illy 
appear hereafter- And the contrary happens m he 
rrf thf> Paner the more refrangible rays be- 



EXPER. IT 

The Colours of Bubbles with which Children play 
are various, and change their fituation varioufly, with- 
out any refpedt to any confine of fhadow. If fuch a 
Bubble be covered with a concave Glafs, to keep it from 
being agitated by any wind or motion of the Aiiq. the 
Colours will flowly and regularly change their fitua- 
tion, even whilfbthe Eye, and the Bubble, and all Bo- 
dies which emit any Light, or caft^my fhadow, re- 
main unmoved. And therefore their Colours arife from 
fome regular caufe which depends not on any confine of 
fhadow^ What- this caufe is will be. (hewed in the next 
Book. 



w 

To thefe Experiments may be added the tenth F 
periment of the firft Book, where the Sun’s Light 
dark Room being trajeCted through the parallel 
cies of two Prifms tied together in the form of a p ara ] 
lelopide, became totally of one uniform yellow or le j 
Colour, at its emerging out of the Prifms. Here, ^ 
the production of thele Colours, the confine of fhadov- 
can have nothing to do. For the Light changes f r0Dl 
white to yellow, orange and red fucceffively , without am- 
alteration of the confine of fhadow: And at both edges of 
the emerging Light where the contrary confines of %. 
dow ought to produce different etfeCts, the Colour jj 
one and the fame, whether it be white, yellow, orange 
or red : And in the middle of the emerging Light 
where there is no confine of fhadow at all, the Colou- 
rs the very fame as at the edges, the whole Light at it; 
very firft emergence being of one uniform Colour, whe> 
ther white, yellow, orange or red, and going on thence 
perpetually without any change of Colour, fuch as the 
confine of lhadow is vulgarly fuppofed to work in re- 
TraCted Light after its emergence. Neither can thele 
Colours arife from any new modifications of the Light 
by refraCtions, becaufe they change fucceffively fra 
white to yellow, orange and red, while the refractions 
remain the fame, and alfo becaufe the refractions are 
made contrary ways by parallel fuperficies which de- 
itroy one anothers effects. They arife not therefore 
from any modifications of Light ’ made by refradk 
andfhadows, but have fome other caufe. What that 
caufe is we {hewed above in this tenth Experiment, 
.and need not here repeat it. 
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x material circum fiance of this 

There is yet «notf . Light being by a third Ftg. 2 

K refwaed towards the piper PT and there Tart 

Pr ^ 2 trfual Colours of the Prifm, red, yellow, 
painting the ulua Colours arofe from the 

m b. U “e I™ 1 * p r Yrm modifying the Light, they 
refractions of tha Upfnre its incidence on that 

r;“ . f« 9 d .i» 

Prilm. Ana. yet . aw* Prifms about their coni' 

mon Axi* dl the^hours were made to vaniih but the 
Ted the Light which makes that red being left alone, 
appeared of the very fame red Colour before its inci- 
dence on the third Prifm. And tn general we find by 
other Experiments that when the rays which differ in 
refrangibility are repainted from one anothei, mid any 
one fort of them is confidered apart, the Colour of the 
r.iaht which they compofe cannot be changed by any 
refraflion or reflexion whatever, as it ought to be were 
Colours nothing elfethan modifications ot Light cauied 
by refractions, and reflexions, and flhadows. 1 his un- 
changeablenefs of Colour I am now to defcribe in the 
following Propofition. 

PROP. II. THE OR. II. 

All homogeneal Light has its proper Colour answering to 
its degree of ref Tangibility^ and that Colour cannot be 
changed by reflexions and refra&ions . 

In the Experiments of the 4th Propofition of the firft 
Rook, when I had feparated the heterogeneous rays 
from one another, the SpeCtrum pt formed by the fepa- 

rated 
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nited rays, did in the progrefs from its endp, on w u , 
the moft refrangible rays fell, unto its other end t C! 
which the leaft refrangible rays fell, appear tinged^ 
this benes ot Colours, violet, indico, blue, green Ve i 
low, orange, red, together with all their- intermediate 
degrees in a continual fucceffion perpetually varying ■ 
So that there appeared as many degrees of Colours % 
there were forts of rays differing in ■refrangibility, 5 

E X P E R. V. 

Now that thefe Colours could not be changed by re. 
•fraction, I knew by refracting with a Prifm fometimes 
one very little part of this Light, fometimes another 
very little part, as is deferibed in the 1 2 th Experiment 
the fir ft Book. For by this refraction the Colour of 
the Light was never changed in the leaft. If any part 
of the red Light was refraCted, it remained totally of 
the lame red Colour as before. No orange, no yel- 
low, no green, or blue, no other new Colour was pro* 
duced by that refraction. Neither did the Colour any 
ways change by repeated refractions, but continued al- 
ways the lame red entirely as at firft. The like con- 
ftancy and immutability I found alfo in the blue, green, 
and other Colours. So alfo*f I looked through a Prilin 
upon any body illuminated with any part of this hoino- 
geneal Light, as in the 1 4th Experiment of the firft 
Book is deferibed ; I could not perceive any new Co- 
lour generated this way. All Bodies illuminated with 
compound Light appear through Prifms confufed ( as 
was laid above) and tinged with various new Colours, 
but tbofe illuminated with homogeneal Light appeared 

through 



, 1, Prifms neither left dirtm&, nor otherwife co- 

- through Prams r Jt d w ; th the naked Eyes.. Their 
loured, than w hen t p e re lra6hon 

f tIW '[Hit Fort he Ligft with I here call ho- 

change , bein£ no t abfolutely homogeneal, there ought 
rSfe fome little change of Colour from , its heter^- 
neity. But if that heterogeneity was fo little as g 
be made by the faid Experiments ot the fouith 1 ropo 
fition that * change was not fenfible, and theiefoie. 
Experiments where fenfe is judge, ought to be account 

ted none at all. 

EX per; VI. 

And as thefe Colours were not changeable by refra-* 
Elions, lb neither were they by reflexions. For a 
white, grey, red, yellow, green, blue, violet Bodies, as 
Paper, Afhes, red Lead, Orpiment, Indico, Bile, Cold, 
Silver, Copper, Graf?, blue Flowers, Violets, Bubbles 
of Water tinged with various Colours, Peacock’s Fea- 
thers, the tincture of Lignum Nefhnticum , and fuch 
like, in red homogeneal Light appeared totally red, in 
blue Light totally blue, in green Light totally green, 
and fo of other Colours. In the homogeneal Light of 
of any Colour they all appeared totally of that lame 
Colour, with this only difference, that fome of them 
reflected that Light more ftrongly, others more faintly. 
1 never yet found any Body which by reflecting homo- 
geneal Eight could ienfibly change its Colour. 



From 



M 
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From all which it is manifeft, that if the Sun’s Liol 
eonfifted ot but one fort of rays, there would be bill 
one Colour in the whole World, nor would it be p 0 r 
hble to produce any new Colour by reflexions and re ' 
iradions, and by conference that the variety of C 0 
lours depends upon the composition of Light. 

3 > EFIJSIIT 10 N. 

The homogeneal light and rays which" appear red' 
or rather make Objects appear lb, I call rubrific 
or red-makng ; thole which make Objects appe ar 
yellow, green, blue and violet, I call yellow-nu- 
king, green-making^ blue-making, violet-making 
and fo of the reft. And if at any time I lpeak of 
light and rays as coloured or endued with Co- 
lours, I would be underftood to fpeak not philo- 
sophically and properly, but groily , and accor- 
ding to iuch conceptions as vulgar People in fee- 
ing all thefe Experiments would be apt to frame, 
For the rays to lpeak properly are not coloured. 
Iii them there is nothing elfe than a certain power 
and difpofition to ftir up a fenfation of this or that 
Colour. For as found in a Bell or mufical String, 
or other founding Body, is nothing but a trem- 
bling Motion, and in the Air nothing but that 
Motion propagated from the Objed, and in the 
Senforium ’tis a fenfe. of that Motion under the 
form of found ; fo Colours in the Objed are no- 
thing but a difpoiition to refled this or that fort 
of rays more copioully than the reft , in the rays 
they are nothing but their dilpofitions to propa- 
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„ ; nfn ft ie Senforium, ana 

th ° e 'Tc fc ;ou? ns of thofe Mo ' 

tions under the forms of Colouis. 

PROP. III. PR 06 ' 1 

T - 

• • t-i ic Problem 1 made the follow mg 
For determining this Problem i m^ 

Experiment. 

exper. vii. 

r When I had caufed the reftiUnear line fides A F, G M Fig. 4- 
nfthe Snearum of Colours made by the Pnlm to be 
rS; defined, as in the fifth E.penment of the 
firft Book is defcnbed, there were found m 
homooeneal Colours in the fame order and fiction 
one among another as in the Speftrum of Ample Light 
defcribed in the fourth Experiment of that Booh. Pot 
the Circles of which the Spedruni of compound Light 
PT is compofed, and which in the middle parts ot 
the Spedrum interfere and are intermixt with one ano- 
ther, are not intermixt in their outmoft parts where 
they touch thofe redilinear tides AF and G M. And 
therefore in thofe redilinear fides when diftindly defi- 
ned, there is no new Colour generated by refradion. I 
obferved alfo, that if any where between the two out- 
moft Circles TM F and PG A a right line, as was 
crofs to the Spedrum, fo as at both ends to fall per- 
pendicularly upon its redilinear fides, there appeared 
" M 'i nne 
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one and the fame Colour and degree of Colour from 
end of this line to the other. I delineated therefore*'' 6 
a Paper the perimeter of the SpeCtrum F A P G M T 
and in trying the third Experiment of the hr ft Book { 
held the Paper fo that the Spectrum might fall u .’ 
this delineated Figure, and agree with it exactly W ]H 
an Aftiftant whole Eyes for diftinguifhing Colours we 
more critical than mine, did by right lines 
drawn crofs^the Spedtrum, note the confines of theCo^ 
''ioftrs that is of the red M a .&F of the orange «, d 
the yellow 7 E ? ^ , of the green « « ® '( , of the blue 
of the indico and of the violet xGA.«, 

this operation being divers times repeated both in the 
fame and in feveral Papers, I found that the Ob- 
fervations agreed well enough with one another and 
that the rectilinear hides M G and F A were by the laid 
crofs lines divided after the manner of a mufical Chord. 
Let GM be produced to X, that MX may be equal 
toGM, and conceive GX, xX, ( X, ^X, *X, 7X, «X, 
MX, to be in proportion to one another, as the nunx 
b ers 1, I, L p -,>%>{> and fo to reprefent the 
Chords of the Key, and of a Tone, a third Minor, a 
fourth, a fifth,, a fixth Major, a feventh, and an eighth 
above that Key : And the intervals M * , “ 7 , * * , <i 

and xG, will be the fpaces which the feveral Co- 
lours ( red, orange,, yellow, green, blue, indico, violet) 
take up. 

Now thefe intervals- or fpaces fubtending’ die diffe- 
rences of the refraClions of the rays going to the limits 
of thole Colours, that is, to the points M, «, 7, v, x,G, 
may without any lenfible Error be accounted propor- 
tional to the differences of the fines of refraction ofthofc 

rajs 
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, ■ nfl , rnmmon fine of incidence, and there- 

- feats 

feience tewren the fines of JeWn 77 £ 

line G M is di .vuled by 'thole )° t he fines of 

Skalon o 7 f hole Vys ’out ’ of Gia6 mtq 

“"nddenc"’^?! tSmakiog rays out of 
Glafs into Air, were to the fines ot their refiadho s, 
not greater than 50 to 77, nor lefs than. 50 to 77*, bu 
varied from one another according to all interme- 
diate Proportions. And the fines of the incidences 
of the green-making rays were to the fines or 
their refractions in all proportions from that of 5° 
to 77b unto that of *0 to 77b And by the like limits 
above-mentioned were the reflations of the rays be- 
longing to the reft of the Colours defined, the fines of 
the red-making rays extending from 77 to 77J- , thole 
of the orange- making from 77^ to 77^ thofeofthe yel- 
low-making from 77; to 77 | r thofe of the green-making 
from 77; to 77r> thole of the blue-making from jyl to 
77^, thofe of the iiidico-making from yj\ to 77J , and 
thofe of the violet from 77 \ to 78. . 

Thefe are the Laws of the refraCKons made out of 
Glafs into Air, and thence by the three Axioms of the 
firft Book the Laws of the refraCtions made out of Air 
into Glafs are eafily derived.. 

EXPER. 
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as 



EX PER. VIII, 

I found moreover that when Light goes out of a 
through feveral contiguous refracting Mediums 
through Water and Glafs, and thence goes out a • 
into Air, whether the refra&ing iuperhcies be 
or inclined to one another, that Light as often ash 
contrary refractions ’tis lo corrected, that it emerged 
in lines parallel to thole in which it was inti| e J 
continues ever after to be white. But if the einer' 
gent rays be inclined to the incident, the whitenefs of 
the emerging Light will by degrees in paffing on f rom 
the place of emergence, become tinged in its edges with 
Colours. This I tryed by refracting Light with Pnf ni5 
of Glafs within a prifmatick Vefiel of W ater. Now thole 
Colours argue a diverging and reparation of the hetero 
geneous rays from one another by means of their un- 
equal refraCtions, as in what follows will more fully 
appear. And, on the contrary-, the permanent white- 
neis argues, that in like incidences of the rays there is 
no fuch leparation of the emerging rays, and by confe- 
quence no inequality of their whole refraCtions, Whence 
1 feem to gether the two following Theorems. 

i . The ExcelTes of the fines of refraCtion of feveral 
forts of rays above their common fine of incidence when 
the refraCtions are made out of divers denfer mediums 
immediately into one and the fame rarer medium, are 
to one another in a given Proportion. 

2 . The 
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- . the fine of incidence to the line 
a. The Proport roi p ame p ort 0 f ra ys out of one 

of re fMion ol one compo fed of the Proportion of 
in edium>ntpanothei, - \ refraftion out of the 

the fine of incidence to tr u . and of the Pro- 

firft 'TofThete ^incidence to the fine of refrain 
Shat tWrd medium into the fccond medium. 

„ , , ,, Theorem the refraaions of the rays of 

By , th ? fi fi out of any medium into Air are known 
every iort made ou > 0 f any one fort. As 

f y 'TftScl ifthelefraaions oOhe rays of every fort 

out of Rain-water into fub^aS 

that the fine of incidence of the leaft refrangible rays be 
torheir fine of reftaSion out of Rain-water into Air as 
three to four, and fay as r the difference ofo *ofe^es 
is to 2. the fine of incidence, lo is 27 the lead ot the 
Excefles above-mentioned to a fourth number 8 1 , an 
8 j will be the common fign ot incidence out 01 Kam- 
water into Air, to which fine if you add all the above- 
mentioned Exceffes you will have the defired fines o. 
the refraCtions 108^ 108? >1087, 108) , io8: , 1 

k>8|» 109. - 

By the latter Theorem the refraCtion out or one me- 
dium into another is gathered, as often as you have 
the refraCtions. out of them both into any third medium. 
As if the fine of incidence of any ray out of Glals into 
Air be to its fine of refraction as 20 to 5 1 , and the. fine 
of incidence of the -lame ray out of Air into Water, be 

to 
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to its fine of refraChon as four to three • th* r 
incidence^ that ray out of Glafs into Water will? of 
its fine of refraction as ao to 31 and 4 to 2 i 0V m- , 0 
is 5 as the Fatfum of 00 and 4 to the FaCtumnf* ^ tlat 
3, or as 80 to 93. T and 

And thefe Theorems being admitted into CW . 
there would be fcope enough of handling that S ’ 1 
voluminoufiy after a new manner ; not only by teir? 
thole things which tend to the perfection of vifion k 8 
alio by detenfunins mathematic II v nil 



alio by determining mathematically all hinds 0 f Ph’ 
mena of Colours which could be produced bv r? 
ttions. For to do this, there is nothing elfe remain 
than to find out the Reparations of heterogeneous Y? 
and their various mixtures .and proportions in Y/ 
mixture. By this way of arguing I invented alini 
all the Phenomena deicribed in thefe Books. befidefoJ 
others ^lels neceffary to the Argument : and hv h,! 
lucceffes I met with in thetryals, 1 dare promife^that 
to him who (hall argue truly, and then try all things 
with good Glafies and fufficient circumfpecHon it 
expected event will not be wanting. But he is firft tQ 
know what Colours will arife from any others mixt in 
any affigned Proportion. 

PROP. IV. THEOR. Ill, 

Colours may be produced by compojition 'which fhnUh lih 
to the Colour's of homogeneal Light as to the appeamci 
of Colour , hut not as to the immutability of Colour mi 
constitution of Light, sind thefe Colours Jy how mud 
they are more compounded by jo much are they lejs fd 
md mteufe , and by too much compojition they may k 
diktd 
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aU weahmel M they ceafe. There mm be 
Sbelms p-cduced hcomfof^ M are not fully 
like m iy of the Colours of homogeneal Light. 

For a mixture of homogeneal red and yellow com- 
pounds an orange, like in appearance of Colour to tlut 
orange which in the feries ot un mixed pjjfma tic*. Co- 
lours lies between them ; but the Light ot_ one orange 
is homogeneal as to refrangibility, that ot the ot iei is 
heterogen eal, and the Colour ot the one, it viewec 
throu gh a Prifm, remains unchanged, that of the othei 
is changed and refolved into its component Colours red 
and yellow. And after the fame manner other neigh- 
bouring homogeneal Colours may compound new Co- 
lours, like the intermediate homogeneal ones, as yel- 
low and green, the Colour between them both, and af- 
terwards, if blue be added, there will be made a green 
the middle Colour of the three which enter the compo- 
sition. For the yellow and blue on either hand, if they are 
equal in quantity they draw the intermediate green equal- 
ly towards themfelves in compofition, and lo keep it as 
it were in equilibrio, that it verge not more to the 
yellow on the one hand, than to the blue on the other, 
but by their mixt actions remain ftill a middle Colour. 
To this mixed green there may be further added 
tome red and violet, and yet the green will not present- 
ly ceafe but only grow lets full and vivid, and by in- 
creafing the red and violet it will grow more and more 
dilute, until by the prevalence of the added Colours it 
be overcome and turned into whitenefs, or Rome other 
Colour. So if to the Colour of any homogeneal Light, 
the Sun’s white Light compofed of all forts of rays be 

N added, 
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added, that Colour will not vanifh or change ire r 
ae® but be diluted, and by adding more and more wlm 
it will be diluted more and more perpetually. T a & 
ly, if red and violet be mingled, there will be genenf a 

according to their various Proportions various Pum] 

fuch as are not like in appearance to the Colour ofa 
homogeneal Light, and of thefe Purples mixtwitW 
low and blue may be made other new Colours. 

PROP. V. THEOR. IV. 

TVhiteneJs and all grey Colours between white and Mach 
mayle compounded of Colours^ and the whitenefs of the 
Suns Light is compounded of all the primary Colours 
mixt in a due proportion. 

The Proof by Experiments,. 

EX PER. IX.. 

pig, _ The Sun filming into a dark Chamber through a 
little round Hole in the Window flint, and his Light 
being there refraded by a Prifm to caff his coloured 
Image PT upon the oppofite Wall : I held a white Pa- 
per V to that Image in luch manner that it might be 
illuminated by the coloured Light receded from thence, 
and yet not intercept any part of that Light in its paf- 
fage from the Prifm to the Spedrum. And I found that 
when the Paper was held nearer to any Colour than to 
the reft, it appeared of that Colour to which it aj> 
proached neareft ; but when it was equally or almofr 
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n from all the Colours, fo that It might 

Sjp“! isSS'S C1ES2S 

And m this laft , h i5 ‘ Der lo ft i« white Colour, and 

IpeaSThe dolour of the reft of the Light which 
Si intercepted. So then the Paper was illuminated 
with Lights of various Colours, namely, led, yellow, 
o'reen, blue and violet, and every part of the Light te- 
amed its proper Colour, until it was incident on the 
Paper, and became reflected thence to the Lye ; fo that 
if it had been either alone (the reft ol the Eight being 
intercepted) or if it had abounded mod .and been pre- 
dominant in the Light refieded from the Paper, it would 
have tinned the Paper with its own Colour j and yet e- 
ing mixed witli the reft of the Colours in a due piopoi- 
tion, it made the Paper look, white, and therefoie by a 
compofition with the reft produced that Coloui. The 
feveral parts of the coloured Light refle6fed from the 
Spedruni, whilft they are propagated from thence thro 
the Air, do perpetually retain their proper Colours, 
becauie wherever they fall upon the Eyes of any Speda- 
tor, they make the feveral parts of the Spedrum to 
appear under their proper Colours. They retain there- 
fore their proper Colours when they fall upon the Pa- 
per V, and fo by the confufion and perfed mixture of 
tliofe Colours compound the whitenefs of the Light 
receded from thence. 



EX PER. X. 

Let that Spedrum or folar Image P T fall now upon Fig. 6. 
the Lens MN above four Inches broad, and about fix 

N 2 Feet 
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Feet diftant from the Prifm ABC, and fo fi aurEvl t . 
it may caufe the coloured Light which diverSeth f. 
tne 1 rifm to converge and meet again at it s & Fo ‘°r? 
about fix or eight Feet diftant from the .Lens 
there to fall perpendicularly upon a white Paper D? 
And it you move this Paper to and fro, you will ^ 
ceive that near the Lens, as at de , the whole fol 3r j/ er ' 
( fuppofe at p t ) will appear upon it intently colon!? 
after the manner above-explained, and thatbyrecH* 
from the Lens thofe Colours will perpetually come w 
wards one another, and by mixing more and more $ 
lute one another continually, until at length the Par' 
come to the Focus G, where by a perfect mixture the! 
will wholly vanifh and be converted into whitenefs tip 
whole Light appearing now upon the Paper like a little 
white Circle. And afterwards by receding further front 
the Lens, the rays which before converged will I]0ff 
crofs one another in the Focus G, and diverge f rom 
thence, and thereby make the Colours to appeal' again 
but yet in a contrary order ; fuppoie at a , where* the 
red t is now above which before was below, and the 
violet p is below which before was above. 

Let us now flop the Paper at the Focus G where 
the Light appears totally white and circular, and let us 
confider its whitenefs. I fay, that this is compofcd of 
the converging Colours. For if any of thofe Colours 
be intercepted at the Lens, the whitenefs will ceafe ami 
degenerate into that Colour which arifeth from the 
competition of the other Colours which are not inter- 
cepted. And then if the intercepted Colours be let 
pafs and fall upon that compound Colour, they mis 
with it, and by their mixture reftore the whitenefs. 

So 
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lours be let pais they will fall upon this compounded 
orai^e, andtogethel with it decompound a white, oo 
■ilio ft' the red and violet be intercepted, one lunauung 
vellow, green and blue, will compound a green upon 
the Paper, and then the red and violet being let pats 
will fall upon this green, and together with it decom- 
pound a white. And that in this competition of white 
the feveral rays do not fuffer any change in their colori- 
fic qualities by acting upon one another, but are only 
mixed, and by a mixture of their Colours produce 
white, may further appear by thefe Arguments. 

If the Paper be placed beyond the Focus G, fuppofe 
at «A», and then the red Colour at the Lens be alternate- 
ly intercepted, and let pafs again, the violet Colour on 
the Paper will not fuffer any change thereby, as it ought 
to do if the feveral forts of rays aded upon one another 
in the Focus G, where they crofs. Neither will the 
red upon the Paper be changed by any alternate flop- 
ping, and letting pafs the violet which croffeth it. 

And If the Paper be placed at the Focus G, and the 
white round Image at G be viewed through the Priim 
HIK, and by the refra&ionof that Prifm be tranflated 
to the place rv, and there appear tinged with various 
Colours, namely, the violet at v and red at r , and 
others between, and then the red Colour at the Lens be 
often ftopt and let pafs by turns, the red at r will ac- 
cordingly difappear and return, as often, but the violet 
at v will not thereby fufter any change. And lo by 
flopping and letting pafs alternately the blue at the 

Lens, 
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Lens, the blue at r will accordingly dilappear an i 
turn, without any change made in the red at r *V e ' 
red therefore depends on one fort of rays, and the 11 
on another fort, which in the Focus G where the r Ue 
commixt do not add on one another. And there ? ? 
fame reafon of the other Colours. Is t ^ 

I coniidered further, that when the moft refiwu 
rays P p, and the lead refrangible ones T t, are bv"' ^ 
verging inclined to one another, the Paper, if held 
oblique to thofe rays in the Focus G, might refled ^ 
fort of them more copioufly than the other fort, andT 
that means the reflected Light would be tinged in t ] ' 
Focus with the Colour of the predominant rays J* 1 
vided thofe rays feverally retained their Colours oi c ^ 
lorific qualities in the compofition of white made h 
them in that Focus. But if they did not retain than 
in that white, but became all of them feverally endued 
there with a difpofition to ft like the lenfe with the per. 
ception of white, then they could never lofe their white, 
nels by fuch reflexions. 1 inclined therefore the Paper 
to the rays very obliquely, as in the fecond Experiment 
of this Book, that the moft refrangible rays might be 
more copioufly reflected than the reft, and the white- 
nefs at length changed fucceffively into blue, indico 
and violet. Then I inclined it the contrary way, that 
the moft refrangible rays might be more copious in the 
reflected Light than the reft, and the whitenefs turned 
fucceffively to yellow, orange and red. 

Laftly, I made an Inftrument X Y in fafhion of a 
Comb, whofe Teeth being in number fixteen were 
about an Inch and an half broad, and the intervals of the 
Teeth about two Inches wide. Then by interpofin 



fuc- 
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. «■ .1 „ the Teeth of this Inftrument near the Lens 

fucceffively the Colours by the interpofed 

1 intercepted P t went on through the in- 

To °: V' th Tee tl to the Paper D E, and there pain- 
terval ot the i e r Paper I bad firft pla- 

te lrft ‘h We might appelr white as often 

2 the tomb was taken away j and then the Comb be- 
h las was raid interpofed, that whxtenels by reafon o. 
JSf intercepted part of the Colours at the Lens did a L 
wav d,a,.|e into the Colour compounded of thofe 
Colour which were not intercepted, and that Colour 
v£s by the motion of the Comb perpetually varied fo, 
that in the paffing of every Tooth over the Lens all 
thefe Colours red, yellow, green, biue and pui pie, did 
always fucceed one another. 1 caufed therefoie all the 
Teeth to pafs fucceffively over the Lens, and when the 
motion was How, there appeared a perpetual fucceffion 
of the Colours upon the Paper : But if I fo much acce- 
lerated the motion, that the Colours by reafon of then- 
quick fucceffion could not be diftinguifhed from one 
another, the appearance of the Angle Colours ceafed. 
There was no red > no yellow, no green, no. blue, nor 
purple to be feen any longer, but from a confufion of 
them all there arofe one uniform white Colour. Of the 
Light which now by the mixture of all the Colours ap- 
peared white, there was no part really white. One 
part was red, another yellow, a third green, a fourth 
blue, a fifth purple, and every part retains its proper 
Colour till it ftrike the Senforium. If the impreffions 
follow one another ftowly, fo that they may be leve- 
rally perceived, there is made a diftindf lenlation of all 
the Colours one after another in a continual fucceffion. 

But 
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, 1 ^ ie inipreffions follow one another fo n iV j , 
that they cannot be leverally perceived, there ? I 
out of them all one common fen fa tion, which 
ther of this Colour alone nor of that alone hi it- L 
lelf indifferently to ’em all, and this is a’ faS h “ 
whitencfs. _ By the quicknefs of the fucceffions tfr^ ° f 
preffionsofthe feveral Colours are confounded in T 
SenMuni, and out of that confufion ariieth a mixt f? 
liytion. If a burning Coal be nimbly moved round -L * i! ' 
Circle with Gyrations continually repeated, the wh? 
Circle will appear like fire ; the reafon of which is ti° 6 
the fen fation of the Coal in the leveral places oftjr 
Circle remains impreft on the Senfdrmm, until tf 
Coal return again to the fame place. And fo m lL 
quick confecution of the Colours theimpreffion of ever J 
Colour remains in the Senlorium, until a revolution of 
all the Colours be compleated, and that firft Colour re- 
turn again. The impreffions therefore of all the fuccellC 
Colours are at once in the Senforium,and joyntly 
■a lenfation of them all ; and fo it is manifeft by this Ex- 
periment, that the commix t impreffions of all the Co- 
lours do ftif up and beget a fen la tion of white, that is 
that whitenefs is compounded of all the Colours. 

And if the Comb be now taken away, that all the 
Colours may at once pals from the Lens to the Paper, 
and be there intermixed, and together relieved thence 
to the Spectators Eyes j , their impreffions on the Senfo- 
■rium being now more fnbtily and perfectly commixed 
there, ought much more to ftir up a lenfation of white- 
jaefs. 



Ton 
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You may in tod of the Lens life iw Pnfini HIK 
■md LMN, which by refratag the coloured Light 
the contrary way to that of the firft retoftion, may 
make the diverging rays converge and meet again in G, 
asvoufeeit reprefented in the feventh Figure. Foi 7- 
where they meet and mix they will compoie a white 
Light as when a Lens is uled. 

EX PER. XI. 

Let the Sun’s coloured Image PT fall upon the Wall Fig* 8. 
of a dark Chamber, as in the third Experiment of the 
firft Book, and let the fame be viewed through a Prifm 
a be, held parallel to the Prifm ABC, by whofe refra- 
ction that Image was made, and let it now appear lower 
than before, fuppofe in the place S over againft the red 
colour T. And if you go near to the Image P T, the 
Spedrum S will appear oblong and coloured like the 
Image P T ; but if you recede from it, the Colours of 
the Sped rum S will be contracted more and more, and 
at length vanifti, that Spedrum S becoming perfectly 
round and white ; and if you recede yet further, the 
Colours will emerge again, but in a contrary order. 

Now that Spedrum S appears white in -that cafe when 
die rays of leveral forts which converge from the feve- 
ral parts -of the Image PT, to the Prifm a be, are fo 
refraded unequally by it, that in their paflage from the 
Prifm to the Eye they may diverge from one and the 
fame point of the Spedrum S, and fo fall afterwards 
upon one and the fame point in the bottom of the Eye 
and there be mingled. ' J 5 - 



O 



And 




[io6] 



, A !2 d f urt ie !> 'f tlie Comb be here madeufe n f , 
whofe Teeth the Colours at the Image PT may kW 
ceffively intercepted ; the Speftrum S when ther"'- 
ismored flowly will be perpetually tinged' with r b 
cefiive Colours : But when by accelerating the n - lc ' 
of the Comb, the luccefiion of the Colours is f 0 n 0t . 011 
that they cannot be feverally feen, that Spe&rum 

a confufedand mixt lenlationof them all, will 
white. 5 1 a Pl*ar 



EX PER. XII. 

The Sun fhining through a large Prifm ABC UD 
a Comb X Y, placed immediately behind the Prifm p 
Light which palled through the interftices of the 'feett 
fell upon a white Paper D E. The breadths of tit 
Teeth were equal to their interftices, and f’even Teeth 
together with their interftices took up an Inch i fl 
breadth. Now when the Paper was about two or 
three Inches diftant from the Comb, the Light which 
pafled through its feveral interftices painted fo mm 
ranges of Colours kl, mn, op, qr, i which were 
parallel to one another and contiguous, and without any 
mixture of white. And thele ranges of Colours, if the 
Comb was moved continually up and down with a re- 
ciprocal motion, alcended and defcended in the Paper, 
and when the motion of the Comb was lb quick, that 
the Colours could not be diftinguilhed from one another, 
the whole Paper by their confufion and mixture in the 
Senforium appeared white. 
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r the Comb now reft, and let the Paper be remo- 
ved further from the Prifm, and the feveral ranges of 
Colours will be dilated and expanded into one another 
more and more, and by mixing their Colours will dr- 
toe one another, and at length, when the drftance 
of the Paper from the Comb is about a Foot, 01 a 
little more (fuppofe in the place sD oE) they will 
lb far dilute one another as to become white. 

With any Obftacle let all the Light be now ftopt 
which pafles through any one interval of the Teeth, io 
that the range of Colours which comes from thence may 
be taken away, and you will lee the Light of the reft o£ 
the ranges to be expanded into the place of the range 
taken away, and there to be coloured. Let the inter- 
cepted range pafs on as before, and its Colours falling 
upon the Colours of the other ranges, and mixing with 
them, will reftore the whitenefs. 

Let the Paper i D a E be now very much inclined to 
the rays, fo that the raoft refrangible rays may be more 
copioufly reflected than the reft, and the white Colour 
of the Paper through the excefs of thofe rays will be 
changed into blue and violet. Let the Paper be as 
much inclined the contrary way, that the leaft: refran- 
gible rays may be now more copioufly refle&ed than 
the reft, and by their excefs the whitenefs will be 
changed into yellow and red. The feveral rays there- 
fore in that white Light do retain their colorific qua- 
lities, by which thofe of any fort, when-ever they be- 
come more copious than the reft, do by their excefs 

and predominance caufe their proper Colour to ap- 
pear. r 
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And by the fame way of arguing, applied to the «,• . 
Experiment of this Book, it may be concluded h 
the white Colour of all refracted Light at its vewfi 
emergence, where it appears as white as before it/* . 
dence, is compounded of various Colours. UlCi ' 

EX PER. XIII. ; l| 

In the foregoing Experiment the feveral interval 
the Teeth of the Comb do the office of fo many p r jfj f 
every interval producing the Phenomenon of one Pdf 1 
Whence infteacl of thole intervals ufing feveral Prir m? ^t 
try’d to compound whitenefsby mixing their Colours ^ 
did it by ufing only three Prifms, as alio by ulingonl 
. two as follows. Let two Prifms ABC and abc,whof 
refracting Angles B and b are equal, be fo placed. parallel 
to one another, that the refra fling Angle B of the one 
may touch the Angle c at the bale of the other aid 
their planes CB and cb, at which the rays emerge may 
lye in direCtum. Then let the Light trajefted thioiiri 
them fall upon the Paper M N, diftant about 8 or ij 
Inches from the Prifms. And the Colours generate! 
by the interior limits B and c of the two Prifms, will 
be mingled at PT, and there compound white. For if 
either Friirn be taken away, the Colours made by the 
other will appear in that place P T, and when the Priiin 
is reftored to its place again, fo that its Colours may 
there fall upon the Colours of the other, the mixture 
of them both will reftore the whiteneis. 
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This Experiment fucceeds alfo, as I have try eel, when 
.1 wle b of the lower Prifm, is a httle greater than 
the Angle » » an£ t between the interior 

ibrne fpace B e, as rs 

repreiented in the Figure, and tire retracing planes 
■dq and be, are neither in direCtum, noi paialk to 
one another. For there is nothing more requifite to 
the fuccefs of this Experiment, than that the lays or al 
forts may be uniformly mixed upon the Papa m tlu 
nkcePT. If the moft refrangible rays corning from 

the fuperior Prifm take up. all thefpace irom M to P, the 
rays of the fame fort which come from the interior 
p r ifm ouoht to begin at and take up all the l eft ot the 
fpace from thence towards N. If the leaft refrangible 
rays coming from the fuperior Prifm take up the lpace 
MT, the rays of the fame kind which come from the 
other Prifm ought to begin atT, and take up the remain- 
ing fpace TN. If one fort of the rays which have in- 
termediate degrees of refrangibility, and come from the 
fuperior Prifm be extended through the fpace MQ, and 
another fort of thofe rays through the fpace M R, and 
a third fort of them through the fpace MS, the fame 
forts of rays coming from the lower Prifm, ought to il- 
luminate the remaining fpaces QN, RN, SN refpe- 
dively. And the fame is to be underftoodof all the 
other forts of rays. For thus the rays of every fort will 
be fcattered uniformly and evenly through the whole 
fpace M N, and fo being every where mixt in the fame 
proportion, they mu ft every where produce the fame 
Colour. _ And therefore fince by this mixture they pro- 
duce white in the exterior fpaces M P and T N , they 
muft. alfo produce white in, the interior lpace P T. This 
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is the re a ton of the compoiition by which ■ 
was produced in this Experiment, and by w i,„ lt5nc 6 
way loever I made the like compofition the rrf \° tl,et 
whitenefs. * iUlt Wa$ 

Laftly, Iff with the Teeth of a Comb of a dn r 
the coloured Lights of the two Prifms which fill 1Ze ’ 
the fpace PT be alternately intercepted, that ^ 
FT, when the motion of the Comb is (low, will fl i ^ ace 
appear coloured, but by accelerating the ^3 
the Comb fo much, that the fucceffive Colon iT " 01 
not be diftinguifhed from one another, it will J an ' 
white. 5 1 a PPear 

EX PER. XIV. 

_ Hitherto I have produced whitenefs by mixing »i 
Colours of Prilms. If now the Colours of natural t 
dies are to be mingled, let Water a little thickned with 
boap be agitated to rail© a froth, and after that hot 
has ffood a little, there will appear to one that hall 
view it intently various Colours every where in the 
iuxfaces ol the feveral Bubbles ; but to one that ikll 
go fo far off that he cannot diffinguifh the Colours front 
one another, the whole froth will grow white with a 
perfect whitenefs. 

EX PER. XV. | 

Laftly, in attempting to compound a white by mixing 
the coloured Powders which Painters ule, I confidered 
that all coloured Powders do fupprefs and % in 
them a very confiderable part of the Light by wliicli 

they 
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f ,„ v are illuminated. For they become coloured by 
tj d;v ,r flieLioht of their own Colours more copioudy, 
r 11« S of all other Colours morefparingly, and yet 
“ d !i „nt reflea the Light of their own Colours lo 
copfoufly as White Bodies do. If red Lead for inftance 
2 „ white Paper,, be placed in the red Light oi the 
coloured Sp#rum made in a dark Chamber by the re- 
fra&ion of a Prifm, as is delcribed an thethir P eu " 
meat of the firft Book ; the Paper will appear more lu- 
cid than the red Lead, and therefore reflects tne ied- 
making rays more copiouffy than red Lead doth. And 
if they be held in the Light of any other Colour, the 
Light reflected by the Paper will exceed the Light_ re- 
flected by the red Lead in a much greater proportion. 
And the like happens in Powders of other Colours. 
And therefore by mixing fuch Powders we are not to 
exped a ftrong and full white, fuch as is that of Paper, 
but iome dusky obfeore one, fuch as might arife from a 
mixture of light and darknefs, or from white and black, 
that is, a grey, or dun, or ruflet brown, luch as are the 
Colours of a Man’s Nail, of a Moufe, of Allies, of or- 
dinary Stones, of Mortar, of Duff and Dirt in High- 
ways, and the like. And fuch a dark white I have 
often produced by mixing coloured Powders. For thus 
one part of red Lead, and five parts of V'tride JEirk-fovc^ 
poled a dun Colour like that of a Moufe. For thefe 
two Colours were feverally fo compounded of others, 
that in both together were a mixture of all Colours ; and 
there was lefs red Lead ufed than Viride ALru^ becaufe 
of the fulnefs of its Colour. Again, one part of red 
Lead, and four parts of blue Bife, compofed a dun Co- 
lour verging a little to purple, and by adding to this a 
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certain mixture of Orpiment and Wtti&i - 
proportion, the mixture loft its purple tin&urp ^ 
came perfedly dun. But the Experiment > 

without Minium thus. To Orpiment I add-H j , ° ft 
and little a certain full bright purple, which P ■ tIe 
11 i' e until the Orpiment ceafed to be yellow an H u lnters 
ot a pale red. Then I diluted that red ’bv art 
little jSinde & rk , and a little more blue Bile h, ? s 
nai Adru, until it became of fuch a grey or m\e^v 
as verged to no one of the Colours more than 
ther. For thus it became of a Colour equal in „ J 10- 
nels to that of Afhes or of Wood newly cut orT 
Man s Skin. The Orpiment reflected more Liahf 1 1 
aid any other of the Powders, and therefore condn^! 
more to the whitenefs of the compounded Colour tk 
afll g n the proportions accurately 1113y l 
difficult, by realon of the different goodnefs of P 01v 
ders ot the fame kind. Accordingly as the Colour of 
any Powder is more or iels full and luminous, it<J t 
to be uled in a lets or greater proportion. 

Now contidering that thefe grey and dun Colour 
may be alfo produced by mixing whites and blacks, li 
by conlequence differ from perfect whites not in Specks 
of Colours but only in degree ofluminoufnels, it is ina- 
niteft that there is nothing more requifite to mile 
them perfectly white than to increafe their Light fuffi- 
ciently ; and, on the contrary, if by increafing their 
Light they can be brought to perfect whitenefs, it will 
thence alio follow, that they are ot the fame Species of 
Colour with the heft whites, and differ from them only 
in the quantity or Light. And this I tryed as follows. 

J took the third of the above-mentioned grey mixture 
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r .hit which was compounded of Orpiment, Purple, 
Bife Id VindeM-is) and rubbed it thickly upon the 
Hoor of my Chamber, where the Sun (hone upon it 
throuoh the opened Cafement ; andby it, m the Iha- 
dow, 1 laid a piece of white Paper of the fame bignen,. 
Then going from them to the diftance of i a or 1 3 Feet, 
fo that I could not difeern the uneven nefs of the fur hue 
of the Powder, nor the little fhadows let fall from the 
oritty particles thereof j the Powder appealed intenfly 
white, fo as to tranfeend even the Paper it felf in white- 
nefs, elpecially if the Paper were a little fhaded from 
the Light of the Clouds, and then the Paper compared 
with the Powder appeared of fuch a grey Colour as the 
Powder had done before. But by laying- the _ Paper 
where the Sun fhines through the Glafs of the Window, 
or by fhutting the Window that the Sun might fhine 
rhrough thb Glafs upon the Powder, and by fuch other 
fit means of increafing or decreaflng the Lights where- 
with the Powder and Paper were illuminated , the 
Light wherewith the Powder is illuminated may be 
made ftronger in fuch a due proportion than the Light 
wherewith the Paper is illuminated, that they fhall both 
appear exadly alike in whitenefs. For when I was 
trying this, a Friend coming to vifit nie, 1 ftopt him 
at the door, and before I told him what the Colours 
were, or what I was doing ; I askt him, Which of the 
two whites were the beft, and wherein they differed ? 
And after he had at that diftance viewed them well, he 
anfwered, 1 hat they were both good whites, and that 
he could not fay which was beft, nor wherein their Co- 
lours differed. Now if you confider, that this white 
of the Powder in the Sun-fhine was compounded of the 

B Colours 
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v-olours which the component Powders ( O rn ; 
lurple, Bile, and Vm e %. is ) have in the 

w ‘l| C ’ y ^ u ™ u ^ acknowledge by this Experim ent S, " 1 ‘ 
well as by the former, that perfcft whitdels W\ Ji 
compounded of Colours. na ^ b 

Prom what has been laid it is alfc evident, that n 
wmtenefs of the Sun’s Light is compounded of a| C 
Colours wherewith the feveral forts of rays wh w 
that Light coil lifts, when by their feveral refran*' 
ues ley are Separated from one another, do tinge\J' 
or any. other white Body whereon they fail, for 
Colours by I rop 2 are unchangeable, and wheneyl 
all thole rays with thole their Colours arc mixt ^ 
they reproduce, the lame white, Light as before. ' b * 

PROP. vi. PR OB: Ili. 



In a mixture of fnmary Colours, the quantity and ? JL 

of each king given , ta knozv the Colour, of the m . 
found ... 



• With the Center O and Radius O D defcribe a Circle 
A dl ftinguifh its circumference into feven M 

DE, EF, FG, GA, AB, BC, CD, proportional to 
the leven mu heal Tones or Intervals of the eight Sounds 
AW, /«, /«, folyla , mf fa r jof contained in an Eight] 
that is, proportional to the numbers - - , t , £ 1 
;* Let the.iirlt part DL repreient a, red Colour, the 
lecond EF orange, the third FG. yellow,, the fourth 
G.H green, the . fifth AB blue, the fixth BC iiidico, 
and the feventh CD violet. And. conceive that thele 
are ail the Colours of un compounded . Light -gradually 

palling 
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palling into one another, « they do > wten 
Prifms * the circumference DL t bAbui;, k r uui 
the whole feries of Colours from one end of he 



ting 



Sun’s coloured image to the other, io that from D to n, 
he all degrees of red, at E the mean Colour between red. 
and orange, from E to F all degrees of orange, at F the 
mean between orange and yellow, Lorn F to G a " 
<n‘ees of yellow, and fo on. Let p be the center o 
gravity of the Arch DE, and q, r, s, t, v x the centers 
of gravity of the Arches EF, FG, GA, AB, BC 
and CD refpeaively, and about thofe centers of gra- 
vity let Circles proportional to the number of rays of 
each Colour in the given mixture be deferibed ; that is, 
the circle p proportional to the number of the red-ma- 
king rays in the mixture, the Circle q proportional to 
the number of the orange-making rays in the mixture, 
and fo of the reft. Find the common center of gravity 
of all thofe Circles p, q, r, s, t, v, x. Let that center 
be Z ; and from the center of the Circle A D F, through 
Z to the circumference, drawing the right line O Y, 
the place of the point Y in the circumference fhall ftiew 
the Colour ariftng from the compofition of all the Co- 
lours in the given mixture, and the line O Z (hall be 
proportional to the fulnefs or intenfenefs of the Colour, 
that is, to its diftance from whitenefs. As if Y fall in 
the middle between F and G, the compounded Colour 
feall be the beft yellow 3 if Y verge from the middle to- 
wards F or G, the compounded Colour fhall according- 
ly be a yellow, verging towards orange or green. If Z 
fill upon the circumference the Colour fhall be intenfe 
and. florid in thchigheft degree; if it fall in the mid 
way between the circumference and center, it fhall be 

P 2 but 
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but half fo intenfe, that is, it (hall be fuch a Colo,, 
would be made b)i diluting the intenfeft yellow wit J 1 * 
equal quantity of whitenefs ; and if it fall n™ J " 
center O, the Colour fhall have loft all its intenfe/r' 
and become a white. But it is to be noted, That if $ 
point Z fall in or near the line O D, the main in R efc 
being the red and violet, the Colour compounded fi 
not beany of the prifmatic Colours, but a 
clming to red or violet, accordingly as the poin f , 
heth on the fide of the line DO towards E or towards 
and m general the compounded violet is more bright m i 
more fiery than the un compounded. Alfo if 0 nlv tvs 
of the primary Colours which in the Circle areopiJf! 
to one another be mixed in an equal proportion ih! 
point Z fhall fall upon the center O, and yet the Co 
lour compounded of thofe two ihall not be perfedlv 
white, but fome faint anonymous Colour. For I could 
never yet by mixing only two primary Colours produce 
a perfect white. Whether it may be compounded of a 
inixture of three taken at equal diftances in the circum- 
ference I do not know, but of four or five 1 do not mud 
queftion but it may. But thefe are curiofities of little 
or no moment to the underftandi-ng the Phenomena of 
nature. For in all whites produced by nature, there 
ufes to be a mixture of all forts of rays, and by cohfe- 
quence a compofition of all Colours. 

To give an inftance of this Rule;. fuppofeaColouris 
compounded of thefe homogeneal Colours, of violet 
x part, of indico i part, of blue a parts, of green ; parts, 
of yellow 5 parts, of orange 6 parts, and of red i o parts. 
Proportional to thefe parts I deferibe the Circles x, v,t, 
s, r, q, p refpedtively, that is, lb that if the Circle): 

be 
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,, e , the Circle v may be the Circle t a, the Circle: 
s , and the Circles r, qandp, 5, 6 and 10. T en I 
find Z the common center of gravity of thefe Circle , 
SthrLh Z drawing the line OY, the point Y Ms 
upon the circumference between E and F, fome tlnng 
nearer to Ethan to F, and thence I conclude, that the 
Colour compounded’ of thefe ingredients will be an: 
orange, verging a little more to red than to yellow. 
AlfoVfind that OZ is a little lefs than one half of 
OY and thence I conclude, that this mange hath a 
little lefs than half the fulnefs or intenfenefs of an un- 
compounded orange y that is to fay, that it is fuch an 
orange as may be made by mixing an homogeneal orange 
with a good white in the proportion of the line O Z to 
the line Z Y, this proportion being not of the quantities 
©f mixed orange and white powders, but of the quan- 
tities of the lights refie&ed from them. 

This Rule I conceive accurate enough for pradtife, 
though not mathematically accurate ; and the truth of 
it may be fufficiently proved to fenfe, by ftopping any. 
of the Colours at the Lens in the tenth Experiment of 
this Book. For the reft of the Colours which are not 
ftopped, but pafs on to the Focus of the Lens, will 
there compound either accurately or very nearly fuch 
a Colour as by this Rule ought to refult from their* 
mixture. 
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PROP. VII. THE OR; V. 

■Sul the Colours m the Unimrfe which are mide-h T , 
and defend not on the power of imaoivJ-'^ 

e ftTJ he C fV °f homo g ™™ 1 Lights, or 
of iheje and that either accurately or vers near] ^ 

■cording to the B^ule of the foregoing \ Problem . " ' y ^ 

For it has been proved ( in Prop.i. Ub:i.) a* t 
changes of Colours made by refradions do not \ef 
from any new modifications of the rays impreft bv iW 
1 enactions, and by the various terminations of itj 
and madow, as has been the conftant and general cJ 
f mon of Philoiophers. It has alfo been proved that t 
ieveral Colours ot the homogeneal rays do confaat, 
anlwer to their degrees of refmgibility, (Prop.i . U l 
and Prop.a. Lib. 2.) and that their degrees of refran^ 
bshty cannot be changed by refractions and reflexions* 
frrop.i. Lab A .) and by confequence that thofe their 
Colours are likewife immutable. It has alfo been n ro 
ved^ direCtly by refracting and reflecting homogeneal 
.Lights apart, that their Colours cannot be changed 
(Pi op. a. Lib. 2.) It has been proved alfo, that when 
■the feveral forts of rays are mixed, and in eroding pafs 
through the fame Ipace, they do not ad' on one another 
fo as to .change each others colorifick qualities, (Exper. 
10. Lib. 2.) but by mixing their adtions in theSenlb 
rium beget a fenfation differing from what either would 
■ do apart, that is a fenfation of a mean Colour between 
dtiieir proper Colours j and particularly when by the 
aconcourfe and mixtures of all forts of rays, a white 

Colour 
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foiour is produced, the white is a mixture of all the 
Gp tours Which the rays would have apart ( i rop. 5 . 
it, - ) The rays in that mixture do not lole or alter 
their feveral colorifick qualities, but by all their various 
kinds of actions foist in the Sentonum, beget a ienfa- 
tion of a middling Colour between all their Colours- 
which is whitenefs. For whitenefs is a mean between 
all Colours, having it felf indifferently to them all, lo 
as with equal facility to be tinged with any of them. 
A red Powder mixed ’with* a little blue, or a blue with 
a little red, doth not prelently lofe its Colour, but a 
white Powder mixed with any Colour is prefently tin- 
ged with that Colour, and is equally capable of being- 
tinned with any Colour what-ever. It has been ihewed 1 . 
alfo, that as the Sun’s Light is mixed of all forts of ray sy 
fo its whitenefs is-a mixture of the Colours of all forts 
of rays; thofe rays having from the beginning their fe- 
veral colorific qualities as well as their ieveral refrangf 
bilities, and retaining them perpetually unchang’d not- 
withftanding any refractions or reflexions they may at 
any time fuffer, and that when- ever any fort of the 
Sun’s rays is by. any means (as by reflexion in Exper. y 
and no. Lib. f. or- by retraction as happens in -ail re-- 
fractions ) feparated from the reft, they then manifeft 
their proper Colours. Thefe things have been proved, 
and the fum of all this amounts to the Propofition here 
to be proved. For if the Sun’s Light is mixed of ie- -- 
veral forts of rays, each of which have originally their 
feveral refrangi bilities and colorifick .qualities, and not- - 
withftandmg their refractions and reflections, and their 
vanous feparations, or mixtures, keep thofe their ori - 
ginal properties perpetually the fame without altera- 



as 
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* don „’ th . en all the Colours in the World rauft i, , 
conftantly ought to arife from the original colorifi^ 1 « 
hues of the rays whereof the Light! confift bf C ??■ 
thole Colours are feen. And therefore if the W 14 
any Colour whatever be required, we have not-!,'' f ° n ° f 
to do then to cSnfider how the ra}s mtteStaN** 
have by reflexions or refraflions, or other canAes!!!' 181 " 
ted from one another, or mixed together • or „t h, ’■ l' 5t ' 
find out what forts of rays are in the! inhf L nvi * et( i 
that Colour is made, aL £ jiffi*** 

then by the Jaft Problem to learn the Cofo^’u-1 
ought to arife by mixing thofe rays (or their Co? 1 ! 
in that proportion. I fpeak here of Colours fo f? 1 
Jity arife from Light. For they appear fcawimeh* 
other caufes, as when by the power of phantaT^ 

; ee Co !° u P 111 a Dream, or amad Man fees thingsbrfor' 
him which are not there orwhen wefee Fire bv S ftril ^ 

? r fee CoIours Me the Eye of a Q 
heather, by prefling our Eyes in either corner 1 
we look the other way. Where thele and fu c S 
cauies mterpofe not, the Colour always anfw«to 
ahe fort or forts of the rays whereof the light confife 
as t have conftantly found in what-ever PhlnomenaU 1 
C.oloui6 1 have hitherto been able to examin, I ftaJlii 
the following Propofitions give inftances of this in fit 
■rhsenomena of cliiefeft note. 



PROF. 
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PROP. VIII. PROB. III. 

B, the d, /covered Properties of Light to explain the 
Colours wi&de by ‘prijwis. 

Let ABC repreferit a Prifm refracting the Light of Fig* 
the Sun, which comes into a dark Chamber through a 
Hole F <P almoft as broad as the Prifm, and let iVl JN 
reprefent a white Paper on which the refracted Light is 
caft, and fuppofe the raoft refrangible or deeped violet 
making rays fall upon the fpace Ptt , the lea ft refran- 
gible or deepeft red-making rays upon the fpace T \ 
the middle fort between the Indico-inaking aud blue- 
making rays upon the fpace Q. % , the middle fort of the 
green-making rays upon the fpace Re, the middle fort 
between the yellow-making and orange-making rays 
upon the fpace Sir? and other intermediate forts upon 
intermediate fpaces. For fo the fpaces upon which the 
feveral forts adequately fall will by reafon of the diffe- 
rent refrangibility of thole forts be one lower than ano- 
ther. Now if the Paper MN be lb near the Prifm that the 
fpaces P T and ^ do not interfere with one another, the 
didance between them T tt will be illuminated, by all 
the lorts of rays in that proportion to one another which 
they have at their very firft coming out of the Prifm 
and confequently be white. But the fpaces PT and *7 
on either hand, will not be illuminated by them all 
and therefore will appear coloured. And particularly 
at P, where the outmod violet-making rays fall alone 
the Colour nmd be the deeped violet. At Q where the 
violet-making and indico-making rays are mixed , it 

Q mud 
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green 
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rauft be a violet inclining much to indico. At R 
the violet-making , indieo-making , blue-makina e 
one half of the green-making rays are mixed, thi? d 
lours muft ( by the conftru&ion of the fecond PrnKi 
compound a middle Colour between indico and ^ 
At S where all the rays are mixed except the red 
king and orange-making, their Colours ought by the ? 
Rule to compound a faint blue, verging more to 1 
than indie. And in the progrefs from S to T thiXi 
will grow more and more taint and dilute, ’till at ? 
where all the Colours begin to be mixed , it m a ■’ 
whitenels. 5 ecd 1R 

So again, on the other fide of the white at T vtfa 
the lea ft refrangible or utmoft red-making raysareaW 
the Colour muft be the deepeft red. At , the m m ^ 
of red and orange will compound a red inclining 
■orange. At e the mixture of red, orange, yellow S and 
one half of the green muft compound a middle Colour 
between orange and yellow. At * the mixture of all 
Colours but violet and indico will compound a faint 
yellow, verging more to green than to orange. And 
this yellow will grow more faint and dilute continually 
in its progrefs from x to tt, where by a mixture of all 
forts of rays it will become white. 

Thefe Colours ought to appear were the Sun’s Light 
perfectly white: But becaufe it inclines to yellow, theex- 
cefsof the yellow-making rays whereby ’tis tinged with 
that Colour, being mixed with the faint blue between 
S and T, will draw it to a faint green. And fo the 
Colours in order from P to T ought to be violet, indico, 
blue, very faint green, white, faint yellow, orange, red. 
Thus it is by the computation : And they that pleafe to 
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view the Colours made by a Prifm will find it fo in 

N Xfe are the Colours on both fides the white when 
the Paper is held between the Prifm, and the pom X 
ire the Colours meet, and the interjacent white va- 
For if the Paper beheld fill farther off from the 
Prifm the moft refrangible and leaft_ refrangible ray, 
will be wanting in the middle of the Light, and the re 
of the rays which are found there, will by mixture pro- 
duce a fuller green than before. Alfo the yellow and 
blue will now become lefs compounded, and by con- 
ference more intenfe than before. And this alio 

agrees with experience. _ 

And if one look through a Pnfm upon a white ■Object 
encompafled with blacknefs or darknefs, the reafon of 
the Colours arifing on the edges is much the fame, as 
-will appear to one that fhall a little confider it. If a 
black Objeft be encompafled with a white one, the Co- 
lours which appear through the Prifm are to be derived 
from the Light of the white one, fpreading into the Re- 
gions of the black, and therefore they appear in a con- 
trary order to that, in which they appear when a white 
Objedt is furrounded with black. And the fame is to 
be underflood when an Objedt is viewed, whofe parts 
are fome of them lefs luminous than others. For in the 
Borders of the more and lefs luminous parts, Colours 
ought always by the fame Principles to arife from the 
excefs of the Light of the more luminous, and to be of 
the fame kind as if the darker parts were black, but yet 
to be more faint and dilute. 



a a 
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What i s faid of Colours made by Prifms mav u 
applied to Colours made by the Glaffes 

” ° rb > the hLours of tL 

the Object-glafs of a Telefcope be thicker on „ ^? lf 
than on the other, or if one half of the Gkfs fide 
half of the Pupil of the Eye be covered with an, " ? 
fubftance : the Objea-glafs, or that part of ££ 

Eye which is not covered mov, u a — Ac i , or °* the 



Eye which is not covered, ^ayTSered 
with crooked fides, and every Wedge of Glafs * 
pellucid fubftance, has the effea off Prifm k’reftafl'" 
^^ L'ght which paffes through it. ^“8 

How the Colours in the 9th and loth Exnerim... 

I ivht 6 - •J art w rif \ from th£ Afferent refleSbilfty I 

Gight,!? evident by what was there faid. But it is „hi 

vablem the 9th Experiment, that whilft the Sun’s di' 
reft Light is yellow, the excefs of the blue-makirw 
rays m the reflected Beam of Light MN, indices 2 
to bring that yellow to a pale white inclining to blue 
and not to tinge it with a manifeftly blue Colour To 
obtain therefore a better blue, I ufed inftead of the yel- 
low Light of the Sun the white Light of the Clouds by 
varying a little the Experiment as follows. 



EXPEL XVI. 

Fig* 13. Let H F G reprefent a Prifm in the open Air, andS 
the Eye of the Spectator, viewing the Clouds by their 
Light coming into the Prifm at the plane fide PIGK, 
and refle&ed in it by its bale H E I G, and thence going 
out through its plain fide H EF K to the Eye. And 
when the Prifm and Eye are conveniently placed, fo 
that the Angles of incidence and reflexion at the bale 



may 




m ,v be about 40 degrees, the Speflator will fee. a Bow 
MK of a b bluc + Colour, running from one end of the 
tafe to the other, with the concave fade towards him 
,nd t he part of the bafe 1 MN G beyond this Bow will 

be br ahfer than the other part EMNH on the other 

,ye of it. This blue Colour M N being made by no- 
thing elfe than by reflexion of a fpecular luperficies,. 
feemsfo odd a Phenomenon, and fo unaccountable for 
by the vulgar Hypothefis of Philofophers, that 1 could 
not but think it deierved to be taken notice of. JNow 
for under handing the reafon of it, fuppole the plane 
ABC to cut the plane fides and bafe of the Priim per- 
pendicularly. From the Eye to the line BC, wherein that 
plane cuts the bafe, draw the lines S p and S t, in the 
Angles Spc 50 degr. and Stc 49 degr. 4, and the 
point p will be the limit beyond which none of the moft 
refrangible rays can pafs through the bale of the Prifm,. 
and be refra&ed, whole incidence is fuch that they may 
be relledted to the Eye ; and the point t will be the like 
limit for the leaft refrangible rays,, that is, beyond 
which none of them can pafs through the bafe, whofe 
incidence is fuch that by reflexion they may come to the 
Eye. And the point r taken in the middle way between 
p and t, will be the like limit for the meanly refrangible- 
rays. And therefore all the refrangible rays which fall, 
upon the bafe beyond t, that is, between t and B, and 
can come from thence to the Eye will be reflected thi- 
ther : But on this fide t, that is, between t and c, many 
of thele rays will be tranfmitted through the bafe. 
And all the moft refrangible rays which fall upon the 
bale beyond p, that is , between p and B, and can by 
reflexion come from thence to the Eye, will be refleded 

thither. 
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thither, but every where between t and c *■«« 

and f tSF WI N^ hrou g h the and be , of 
and the lame is tofoe_ underftood of the meanlv If ; 

glide rays on either hde of the point r. Whence ??' 
lows, that the bale of the Frifm muft every where 1 
ween t and B by a total reflexion of all forts of n ^ 
tne Eye, look white and hricrht. 1 a 3 J s to 



the Eye, look white and bright. And everv TV 10 
between p and C, by reafon of the tranimiffion of?* 
rays of every lort, look more pale, obfeure and A l 
But at r, and in other v 



But at r, and in other places between p and t TV*' 
all tne more refrangible rays are reflected to the 
and many of the lefs refrangible are tranfmitted th 
excefs ol the moft refrangible in the reflected Light win 
tinge that Light with their Colour, which is violet! 
blue. And this happens by taking the line C p r t B J! 
where between the ends of the Prifm H G and E l, y 



PROP. IX P ROB. IV. 

By the dif 'covered Troferties of Light to explain the 
Colours of the Ham Worn. ^ 

This Bow never appears but where it Rains in the 
bun -mine, and may be made artificially by touting up 
Water which may break aloft, and flatter- into D?ops 
and tall down like Rain. For the Sun ihining upon thde 
Drops, certainly caufes the Bow to appear to a Spefla* 
; tor handing in a due.pofition to the Rain and Sun. And 
hence it is now agreed upon, that this Bow is made by 
lefiaCtion of the Sun’s Light in Drops of falling Rain. 
t Thi s > wa s- by feme of the Ancients, and of 

date more folly difcovered and explained by the Famous 
i Antonm 
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sldmw Se ‘Dommis Archbilhop of SmlaU, m his J “° 51 
i vlivfa & Luck, publifhed by his Friend Bar- 
jjel^cuii^ j Ypnr 161c and written above 

Ulm ft YeaTbefbre. ' For he teaches there how the 
Sbow is made in round Drops of Ram by two 
reflations of the Sun’s Light, and one reflexion be- 
tween them, and the exterior by two lenac.ion. and 
two forts of reflexions between them in each Di op o 
mter and proves his Explications by Expenments- 
made with a Phial full ofWater,and with Globes ofGlafs 
filLd with Water, and placed in the Sun to maxe ie 
Colours of the two Bows appear in them, i he lame 
FxnHcation c Des^Cartes hath purfued in his Meteors, 
and mended that of the exterior Bow- But whiift foey. 
underftood not the true origin of Colours, it s Decenary 
to purfue it here a little further. For underftandmg 
therefore how the Bow is made, let a Drop of Rain or 
any other fpherical tranfparent Body be reprefented' by 
the Sphere BNFG, deferibed with the Center C, and Fig- 14. 
Semi -diameter C N. And let A N be one of the Sun’s 
rays incident upon it at N, and thence refracted to F, 
where let it either gO out of the Sphere by refraction to- 
wards V, or be reflected to G ; and at G let it either go. 
out by rcfra&ion to R, or be reflected- to H ; and at H 
let it go out by refradHon towards S, cutting the inci- 
dent ray in Y ; produce AN and-R G, till they meet in 
X, and upon AX and NF let fall the perpendiculars 
CD and CE, and produce CD till it fall upon the cir- 
cumference at L. Parallel to the incident ray AN draw 
the Diameter BQ, and let the fine of incidence out of 
Air into Water be to the fine of refra&ion as I to, 

R. Now if you fuppofe the point of incidence. N to - 

move 
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move from the point B, continually till it cnm* 
the Arch Q.F will firft increlfe and then decreaf t0 ^ 
to will the Angle AXR which the rays AN an!??* 
contain; and the Arch QF and Angle AXR S 
biggeft when ND is to CN as to //, t£ e 

in which caie N E will be to N D as a R to I. ‘ ' 



Allot],’ 



Angle AYS which the rays A N and H S contain i, 
hrft decreafe, and then increafe and grow leaf]- „u 
ND is to CN as to//8 RR, in X h whe » 



when 

NE will betoNDas jRtoL And folhe^Anglliu 
tlie next emergent ray (that is, the emergent ray aft” 
three reflexions) contains with the incident ray aS 
will come to its limit when ND is to CN as ^luTirl 
^ 1 5 R R? in which cafe N E will be to N D as 4 R t0 j° 
and the Angle which the ray next after that emergent’ 
that is, the ray emergent after four reflexions con? 
tains with jthe incident will come to its limit whej 
N D is to O N* as /ii.rr to ^24 R R , in which cate 
N E will be to N D as 5 R to I ; and fo on infinitely 
the numbers 3, 8, 1 5, 24, &V. being gathered by contr 
nualaddition of the terms of the arithmetical progreflion 
^,5,7, 9,bV. The truth of all this Mathematicians will 
^eafily examine. 

Now it is to be obferved, that as when the Sun comes 
to his Tropicks, days increafe and decreale but a very 
little for a great while together ; fo when by increafa; 
the diftance C D, thefe Angles come to their limits, 
they vary their quantity but very little for fome time 
together, and therefore a far greater number of the rajs 
which fall upon all the points N in the Quadrant 
BL, fhall emerge in the limits of thefe Angles, 
then in any other inclinations. And further it is 
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,0 be btferved, »g ,'SeiS^ rfjSSt 

» 4»,mg 

jggL are may be Ifily gathered from the foregoing 

lysthe fines I and R M 

was found above) are 108 and 8. . .od 1 ^ 

computation the greateft Angle A XR will be touna 
A.7 degrees and a minutes, and die leaft A go ? 
to degr. and 57 minutes. And in the moll refrangible 
rays the fines I and R are 109 and 81, and thence by 
computation the greateft Angle AXR wi 11. be found 
.40 degrees and 17 minutes, and the leaft Angle A 
44 degrees and 7 minutes. 

Suppofe now that O is the Spectator s Eye, and Or a line fftg* 
drawn parallel to the Sun’s rays, and let POE, PO F, 
POG, POH, be Angles of 40 degr. 17 min. 4 a degr. 
a min. 50 degr. 57 min. and $4 degr. 7 min. refpeftively, 
and thefe Angles turned about their common tide O P, 
fhall with their other tides OE, Of ; OG,OH de- 
defenbe the verges of two Rain-bows A F B E and 
CHDG. For if E, F, G, H, be Drops placed any 
where in the conical fuperficies deferihed by OE, Of, 

OG, Off, and be illuminated by the Sun’s rays SE, 

SF, SG, SH; the Angle SEO being equal to the 
.Angle POE or 40 degr. 17 min. fhall be the greateft 
Angle in which the moft refrangible rays can after one 
reflexion be refracted to the Eye, and therefore all the 
Drops in the line OE fhall lend the moft refrangible 

R rays 
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rays moft copioufly to the Eye, and thereby ftviu t 
fenfes with the deepeft violet Colour in that v * e 
And in like manner the Angle SFO being enM° IJ ' 
the Angle P OF, or 4.2 deg. 2 min. flnall be the Cjl 
in which the lead refrangible rays after one refl e y 
can emerge out of the Drops, and therefore thofe^ 011 
fhall come mod copioufly to the Eye from the Dron ' 
the line O F, and ftrike the fenfes with the deepeft!! 
Colour in that region. And by the fame ^rgume 
the rays which have intermediate degrees of refran»bj' 
lity fhall come 1110ft copioufly from Drops betvi. 

E and F, and ftrike the fenfes with the intermediate 
Colours in the order which their degrees of fefradi 
lity require , that is, in the progrefs from E to f 0r 
from the inftde of the Bow to the outiide in this ordei- 
violet, indico, blue, green, yellow, orange, red. But the 
violet, by the mixture of the white Light of the Cloud? 
will appear faint and incline to purple. 

Again, the Angle SG O being equal to Angle FOG 
or 5° gr. 51 min. fhall be the leaft Angle in which the 
leaft refrangible rays can after two reflexions emergcoii; 
of the Drops, and therefore the leaft refrangible rays fell 
come 1110ft copioufly to the Eye from the Drops in tlit 
line O G, and ftrike the fenle with the deepeft red in 
that region. And the Angle S H O being equal to tk 
Angle POHor 54 gr. 7 min. fhall be the leaft Angle ii 
which the moft refrangible rays after two reflexions as 
emerge out of the Drops, and therefore thoferajjsftial 
come moft copioufly to the Eye from the Drops in the 
line O FI, and ftrike the fenfes with the deepeft violet in 
that region. And by the fame argument, thy Drops® 
the regions between G and H fhall ftrike the fenfe with 
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f* 1 tt'c i n rli f order which then tie- 
the Intermediate ? o * that is, in the progrefs 

es of g iul | de of the Bow to the out- 

l C rfK-e C lines is to be underftood of the Drops 
A A Pol ours every where in thole iupemcies^ 
an Ttas toll thefe be made two Bows of Colours, an 
• - 1 S ft, onoer bv one reflexion in the Drops, 

‘mdaiT exterior a,Td Winter bj; two j for the Light be- 
4 1 fi inter bv every reflexion. And then Colouiy 

fball lv hi a contrary order to one another, the red o 
both Bows bordering upon the fpace G F which 1* b «■ 
tween the Bows. The breadth of the interior Bow 
F O F meafured crofs the Colours 1 degi. 45 mm. 

and the breadth of the exterior GO H fhall be 2 
de<m. 10 min. and the diftance between them GO 
fhail be 8 gr. < $ min. the greateft Semi-diameter of the 
innermoft, that is, the Angle PO F being 42 gn 2 min. 
an d the leaft Semi-diameter of the outermoft POG, be- 
jno so gr. 5 7 min, Thefe are the mealures of the Bows, 
as they would be were the Sun but a point ; for by the 
breadth of his Body the breadth of the Bows will be in- 
created and them diftemee decreafed by half a degree, 
and fo the breadth of the interior Iris will be 2 degr. 
15 min. that of the exterior 3 degr. 40 min, their di- 
ftance 8 degr. 2^ min. the greateft Semi-diameter of the 
interior Bow 42 degr. 17 min. and the leaft of the ex- 
terior 50 degr, 42 min. And iuch are the di mentions 
of the Bows in the Heavens found to be very nearly, 
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when then- Colours appear ftrong and perfeft « 
once, by fuch means as I then had, I meafured 1 
greateft Semi-diameter of the interior Iris about 43 le 
grees, the breadth of the red, yellow arid green in tf 6 * 

iris 6 3 or 64 minute?, befides the outmoft faint red 7 
feured by brightnefs of the Clouds, for which V 
may allow 3 or 4. minutes more. The breadth of til 
blue was about 40 minutes more befides the vioW 
which was fo much ob feu red by the brightnefs of I 1 
Clouds, that 1 could not mealu-re its breadth. |}J 
fuppofiiig the breadth of the blue and violet together 
to equal that of the red, yellow and green together the 
whole breadth of this Iris will be about 2^ degrees $ 
above. The lea ft diftance between this Iris and the el! 
terior Iris was about 8 degrees and 30 minutes. The el. 
terior Iris was broader than the interior, but fo fai nt 
especially on the blue ftde, that 1 could not meaiufelt! 
breadth diftinftly. At another time when both Bows 
appeared more diftindt, I meafured the breadth of the 
interior Iris 2 gr. 10', and the breadth of the red, yd 
low and green in the exterior Iris, was. to the breadth 
of the fame Colours in the interior as 3 to 2. 

This Explication of the Rain-bow is yet further con 
firmed by the known Experiment ( made by AtVm 
de <Domink and ^es 'Cartes) of hanging up any where 
in the Sun-fhine a G 1 lfs-Globe filled with Water, and 
viewing it in fuch a pofture that the rays which come 
from the Globe to the Eye may contain with the Son’s 
rays an Angle of either 4^ or 50 degrees. For if the 
Angle be about 42 or 43 degrees, the Spe&ator ( bp 
pole at O) fhall fee a full red Colour in that fide of the 
Globe oppofed to the Sun as ’tis reprefented at F, and 
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But if the & r'Nt-hprp will appear a red Colour 

in th at title 01 . rtinnni ' u v lifting up the Globe 

to the other Colours 

veUow creen and blue. The fame thing I have tried by 
lenina a S Globe reft, and railing or deprefling the Eye,, 
w othenvife moving it to make the Angle of a juft 

m 'f have heard it reprefented, that if the Light of a 
Candle be refracted by a Prifm to the Eye j when the 
blue Colour falls upon the Eye the Spectator fhall Ice 
red in the Prifm, and when the red falls upon the Eye 
he fhall lee blue ; and if this were certain, the Colours 
of the Globe and Rain-bow ought to appear in a con- 
trary order to what we find. But the Colours of the 
Candle being very faint, the miftake feems to arife from 
the difficulty of difeerning what Colours fall on the 
Eye. For, on the contrary, I have fometimes had oc- 
calion to obferve in the Sun’s Light refradedby a Prifm, 
that the Spectator always fees that Colour in the Prifm 
which falls upon his Eye. And the fame I have found 
true alfo in Candle-Light. For when the Prifm is mo- 
ved ilowly from the line which is drawn directly from the 
Candle to the Eye, the red appears firft in the Prifm and 
then the blue, and therefore each of them is leen when, 
it falls upon the Eye. For the red paffes over the Eye 
firft. and then the blue. 



The 




The Light which comes through Drops of 
two refractions without any reflexion, ought to 
ftrongeft at the diftance of about a 6 degrees 
Sun, and to decay gradually both ways as the difr^ 
from him increales and decreafes. And the fame fc? 
be underftood of Light tranfmitted through ipha-in 
Haii-ftOnes. And if the Hail be a little flatted, as •! 
often is, the Light tranfmitted may grow fc ftromr \ t 
a little lets diftance than that of 26 degrees, as to form 
a Halo about the Sun or Moon ; which Halo, as oft eil 
as the Hail-ftones are duly figured may be coloured 
and then it muft be red within by the lead refranqbij 
rays, and blue without by the moft refrangible ones, elp e . 
dally if the Hail-ftones have opake Globules of Snow in 
their center to intercept the Light within the Halo (as 
Bugemw has obferved) and make the infide thereof more 
diftinCtly defined than it would otherwife be. For 
fuch Hail-ftones, though fpherieal, by terminating the 
Light by the Snow, may make a Halo red within and 
crolourlefs without, and darker in the red than with- 
out, as Halos ufe to be. For of thofe rays which mis 
dole by the Snow the rubriform will be kaft refratted, 
and fo come to the Eye in the dire&eft lines. 

The Light which pafles through a Drop of rain after 
two refractions, and three or more reflexions, is fora 
ftrong enough to cauie a fen Able Bow ^ hut in thofety 
linders of Ice by which Hugenim explains the T 
it may perhaps be fenfibk. 
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P R O P. X. PROS. V. 

n the flKfer ' 

B - V ' ' manent Colours of natural Bodtes . 

Thefe Colours arife tajjg ^^fortsC^e 

Bod ‘ CS fl^tenX e reft. S Mmium rjfe the kaft re- 
copiouuy than me r« moiouflv, and thence 

frangible or red-ma o mg ^ l ft refrangib le, moil 

EXPER. xvii 

For if the homogeneal Lights obtained by the folu- 
tion of the Problem propofed m the 4th Propofition o 
the firft Book you place Bodies of federal Colours, you 
will find, as I have done, that every Body looks molt 
iplendid and luminous in the Light of its own Colour. 
Cinnaber in the homogeneal red Light is molt relplen- 
dent. in the green Light it is manifeftly lets rei plea- 
ders t, and in fthe blue Light ftill lefs. Indico m the 
violet blue Light is moft refplendent, and its fplendor 
is gradually diminilhed as it is removed thence by de- 
grees through the green and yellow Light to the red. 
By a Leek the green Light, and next that the blue and 
yellow which compound green, are more ftrongly re- 
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-fleeted than the other Colours red and violet anH r 
reft. But to make thefe Experiments the more n °°^ e 
Inch Bodies ought to be chofen as have the fulH^» 

rnoft vivid Colours, and two of thole Bodies are * ^ 

compared together. Thus, for inftance, if 
and ultra marine blue, or fome other full bl , 
held together in the homogeneal Light, they will^ ^ 
appear red, but the Cinnaber will appear of a ftroial 
luminous and relplendent red, - and the ultra rnr 
blue of a faint oblcure and dark red ■ and if they? 
held -together in the blue homogeneal Light they l-‘ll 
both appear blue, but the ultra marine will appear of 
a ftrongly luminous and relplendent bine, and the 
Cinnaber of a faint and dark blue. Which puts it ou J 
of dlipute , that the Cinnaber reflects the red Light 
much more copioully than the ultra marine doth, and 
the ultra marine reflects the blue Light much more to- 
pioufty than the Cinnaber doth. The fame Experiment 
may be tryed fucces fully with red Lead and Indico, or 
with any other two coloured Bodies, if due allowance 
be made for the different ftrengthor weakneis of their 
Colour and Light. 

And as the reafon of the Colours of natural Bodies is 
evident by thefe Experiments, lb it is further confirmed 
and put paft difpute by the two hr ft Experiments of the 
ftrft Book, whereby ’twas proved in iuch Bodies that 
the reflected Light which differ in Colours do differ alfo 
in degrees of refraogibility. For thence it’s certain, 
•that fome Bodies reftedf the more refrangible, others 
the leis refrangible rays more copioully. 

And 
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A ! .haf this is not only a true reafon of thefe Co- 

Ant Vu even the only reafon may appear further 
lours, but eye tn y Colour of homog eneal 

g;, * a* * f* 

B0 Fot if Bodies by reflexion cannot in the leaft change 
JcdouT of anyone fort of rays, they cannot appear 
coloured by any other means than by refleftmg thofe 
which either are of their own Colour, or which by 

of this kind cam mull be 
had that the Light be lb fficient I y homogeneal. For it 
Bodies be illuminated by the ordinary prifmatick Co- 
lours they will appear neither of their own day-light 
Colours, nor of the Colour of the Light caft on them, 
hut of fome middle Colour between both, as I have 
found by Experience. Thus red Lead ( for inftance ) 
illuminated with the ordinary prifmalck green will 
not appear either red or green, but orange or yellow, 
or between yellow and green accordingly, as the green 
Light by which ’tis illuminated is more or lefs com- 
pounded" For becaufe red Lead appears red when il- 
luminated with white Light, wherein all forts of rays 
are equally mixed, and in the green Light all forts of 
rays are not equally mixed, the excefs of the yellow- 
making, green-making and blue-making rays in the 
incident green Light, will caufe thole rays to abound 
fo much in the reflected Light as to draw the Colour 
from red towards their Colour. And becaufe the red 
Lead reflects the red -making rays mod copioully in 
proportion to their number, and . next after them the 
orange-making and yellow-making rays ; thefe rays ‘ 

s - • 



in 
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t he relieved Light will be more in proportion tn 
Light than they were in the incident green Liaht- - 
thereby w ill d raw the reflefted Light from 
wards their Colour. And therefore the red Lead will !° 
pear neither red nor green, but of a Colour between boT 
In tranfparently coloured Liquors ’tis ofeiervaU' 
that their Colour ufes to vary with their thickn? 
Thus, for inftance, a red Liquor in a conical Qu 
held between the Light and the Eye, looks of a 
and dilute yellow at the bottom where ’tis thin and i 
little higher where ’tis thicker grows orange, an dwKp 3 



thicker becomes red. 



VJ± ange, and where 

and where ’tis thickeft 



the red is deepeft and darkefl. For it is to be conceived 
that fuch a Liquor flops the indico- making and violet, 
making rays rnofl eafily, the blue- making rays more 
difficultly, the green-making rays ftill more difficultly 
and the red-making moll difficultly : And that if the 
thieknefs of the Liquor be only fo much as fuffices to 
flop a competent number of the violet-making and in. 
dico-making rays, without diminilhing much the mitt 
ber of the reft, the reft muft ( by Prop. 6 . l_,ib. 2.) com- 
pound a pale yellow. But if the Liquor be fo mudi 
thicker as to flop alfo a great number of the blue-making 
rays, and fome of the green-making, the reft muft com" 
pound an orange ; and where it is fo thick as to ftop 
alfo a great number of the green-making and a mi 
derable number of the yellow-making, the reft m i 
begin to compound a red, and this red muft grow deep 
and darker as the yellow making and orange-making 
rays are more and more ftopt by increafing the thick 
nefs of the Liquor,, fo that few rays befides the 
making can get through. 
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, * 1? Tnorimpnf litclv related to me by 

OfthUkincliyn “.P. nti d ‘ thagea, founH 

Mr- Hat*, ''J 0 ';, t ,“ t w hen lie was lunk many 

in a clear Sun-pne dw, {he upper part of his 

Fathoms deep J> ,t0 ^ flloue dire aiy through the 

Hand m whul , Colour and the under part of 

Water looked of a ice ? eft e 6ted from the Water 

his Hand illr mate ^ fhe i^e it may be gathered, 
P°"d° 0 L d £t™'refleas back the violet and blue- 

MX » g^t depths “ For 

Serebv the Sun’s direS Light at all great depths, by 

1-eafoif of the predominating red-making rays, m “ ft 
p( i . ,,,,i the greater the depth is, the fullei 

“nd intcnlerV, lift that a-d be. And at fuch depths as 
the violet-making rays force penetrate unto, the blue- 
making* green-making and yellow-making lays being 
nefteaetl tVom below more copiouily than the red-making 

ones, muft compound a green. 

Now if there be two Liquors of full Lolouis, iup- 
pofe a red and a blue, and both of them Jo thick as 
fuffices to make their Colours Efficiently full ; though 
either Liquor be Efficiently tranfpareiit apart, yet 
will you not be able to fee through both together. For 
if only the red-making rays pals through one Liquor, 
and only the blue-making through the other, no rays 
can pafs through both. This Mr. Hook tried cafualiy 
with Glafs-wedges filled with red and blue Liquors, 
and was furprized at the unexpected event, the reafon 
of it being then unknown ; which makes me truft the 
more to his Experiment, though I have not tryed it 
my lelf. But he that would repeat it, mufl take care 
the Liquors be of very good and full Colours. 

S 2 Now 
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Now whilft Bodies become coloured by relief 
tranfmitting this or that fort of rays more copio U fl y !° r 
the reft, it is to be conceived that they flop and latI 



themfelves the rays which they do not reflect or tranf^ 
For if Gold be foliated and held between your Rye 
the Light, the Light looks blue, and therefore mafiy GoM 
lets into its Body the blue.making rays to be reflected 
to and fro within it till they be ftopt and ftifled, whilS 
it reflects the yellow-making outwards, and therebr 
looks yellow. And much after the fame manner t \l 
Leaf-gold is yellow by reflected, and blue by tranftjiij, 
ted Light, and mafly Gold is yellow in all portions of 
the Eye ; there are fome Liquors as the tindure $ 
Lignum jSfefhriticnm, and iome forts ofGlafs which 
tranfmtt one fort of Light moft copioufty, and rdf§ 
another fort, and thereby look of feveral Colours, ac- 
cording to the pofltion of the Eye to the Light. But if 
thefe Liquors or Glaffes were fo thick and maffy that 
no Light could get through them, I queftion not but 
that they would like all other opake Bodies appear of 
one* and the fame Colour in all pofltions of the Eye, 
though this I cannot yet affirm by experience. For all 
coloured Bodies, fo far as my Oblervation reaches, may 
be feen through if made fufficiently thin, and therefore 
are in- fome meafure tranfparent, and differ only in de- 
grees of tranfparency from tinged tranfparent Liquor*; 
thefe Liquors, as well as thole Bodies, by a fuffieb. 
thicknefs becoming opake. A tranfparent Body which 
looks of any Colour by tranfmitted Light, may alto 
look of the fame Colour by reftedted Light, the Ligk 
of that Colour being reflected by the further fuiface oj 
the Body, or by the Air beyond it. And then the ft 
iedted Colour will be diminifhed,,and perhaps ceg 



making, the its further furface, 

dght retleaed % ggjjf Jgg 
may p^omrnate In fuch cales,^ ^ Light 

^fitted’ 1 'But whence it is that tinged Bodies and 
S”rs Aft fome fort ofrays and nrtrom.t or tianR 

Mother forts, 
coloured. 

PROP. XI. PROB. VI. 

Bi mixing coloured Lights to compound a Beam of Light 
tf the fame Colour and Nature with a Beam of the Sms> 
direS Light, and therein to experience the truth oj tlx 
foregoing ‘Proj^o fit tons. 

Let AB Cabc reprefent a Prifm by which the Surds T'ig- 
Light let into a dark Chamber through the Hole F, may 
be^efradted towards the Lens MN, and paint upon it 
at P q, r, s and t, the ufual Colours violet, blue, green,., 
yellow and red, and let the diverging rays by the re- 
fradion of this Lens converge again towards X, and 
thereby the mixture of all thole their Colours, compound, 
a white according to what was Ihewn above. Then let 
another Prifm DEG deg, parallel to the former, be 
placed at X, to refradt that white Light upwards, to- 
wards Y. Let the refraeling Angles of the Prifm s,.. 
and their diftances from the Lens be equal, fo that the 
rays which converged from the Lens towards X, .and" 
without refradtion, would there have crofted and diver- 
ged, again, may by the refradtion of the. fecond Prifm be 

rprinr'pn' 
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reduced into Parallelifm and diverge no more, p 
then thole rays will recompofe a -Beam of white IU 
X Y. If the refracting Angle of either Prifm be X,! 
bigger, that Prifm mult be fo much the nearer to 
Lens. You will know when the Prifms and the tJ 
are well fet together by obferving if the Beam of Light 
X Y which comes out of the fecond Prifm be perfedlv 
white to tire very edges of the Light, and at all diftj 
ces from the Prifm continue perfectly and totally white 
like a Beam of the Sun’s Light. For till this happen?; 
the pofitionof the Prifms and Lens to one another nitjjj 
be corrected, and then if by the help of a long Beam of 
Wood, as is reprefented in the Figure, or by a Tube 
or tome other luch inftrument made for that purpofe’ 
they be made fa ft in that fituation, you may try all the 
fame Experiments in this compounded Beam of Light 
XY, which in the foregoing Experiments have been 
made in the Sun’s direct Light. For this compounded 
Beam of Light has the fame appearance, and is endowed 
with all the fame Properties with a direct Beam of the 
Sun’s Light, fo far as my Obfervation reaches. And in 
trying Experiments in this Beam you may by hopping 
any of the Colours p, q, r, s and t, at the Lens, fee how 
the Colours produced in the Experiments are no other 
than thole which the rays had at the Lens before they 
entered the competition of this Beam : And by confe- 
quence that they arife not from any new modifications 
of the Light by refactions and reflexions, but from the 
various reparations and mixtures of the rays originally 
endowed with their colour-making qualities. 

So, for inftance, having with a Lens 4 .J Inches broad, 
and two Prifms on either Hand 6 * F eet diftant from the 
Lens, made luch a Beam of compounded Light : to 
' exainin 
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, A f the Colours made by Pnlins, l 

exarnin the reaion ot the Light" XY with 

refrafled this compound cdUhe ufual prif. 
;,fl0 -\Xiou rS ^aRSTupon the Paper LV placed be- 
l * l j c . J then by flopping any of the Colours p,q, 

h “’ s V Xhe Lras,! found t&t the fame Colour would 
1} aw the Paper So if the purple F was flopped at 
“I ' SeP upon the Paper would yam*, 
!nd the reft of the Colours would remain unaltered,, 
unkft perhaps the blue, fo far as feme puiple latent m 
> af the Lens might be feparated from it by the tol 
lowing reftaftion?. And lb by intercepting the 
upon the Lens, the green R upon the 1 aper would ra- 
nk and fo of the reft ; which plainly (hews, that as 
the white Beam of Light XY was compounded otie- 
ve Lights varioufly coloured at the Lens, lo the Co- 
lours which afterwards emerge out of it by new re ia- 
ftions are no other than thole of which whitenels 
was compounded. The refraction of tlie I rifm HI 
kh generates the Colours PQRST upon the Paper, 
not by changing the colorific qualities ot the rays^ but 
by feparating the rays which had the very lame colorific 
qualities before they entered the compofition of the re- 
frafted Beam white of Light XY. For other wife the rays 
which were of one Colour at the Lens might be of ano- 
ther upon the Paper, contrary to what we find. 

So again, to examin the reafon of the Colours of na- 
tural Bodies, I placed fuch Bodies in the Beam of Light 
X Y, and found that they all appeared there of thofe 
their own Colours which they have in Day-light, and 
that thofe Colours depend upon the rays which had the:,, 
fame Colours at the Lens before they entred the compo- 
fition 
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iioon of that Beam. Thus, for inftance, Gnnaber ill,, 
nated by this Beam appears of the fame red Cok U 



■Oil, 



Day-light ; and if at the Lens you intercept the 
making and blif -making rays, its rednefs will her?' 
more full and lively : But if you there intercept then 
making rays, it will not any longer appear red but b 



come yellow or green, or of fome other Colour ac ? 
ding to the forts of rays which you do not interce ,!* 
So Gold in this Light XY appears of the fame Yel£ 
Colour as in Day-light, but by intercepting at the Lens 
due quantity of the yellow-making rays it will apnea! 
white like Silver (as 1 have tryed) which fhews that its 
yellownefs arifes from the excefs of the intercepted nu 
tinging that whitenefs with their Colour when they are 
let pals. So the infufion of Lignum A T e fbriticum ( as j 
have alfo tryed ) when held in this Beam of Light XY 
looks blue by the reflected part of the Light, and yellow 
by the tranfmitted part of it, as when 7 tis viewed in Day. 
light, but if you intercept the blue at the Lens the info, 
lion will loie its reflected blue Colour, whilft its tranf- 
mitted red remains perfect and by the lols of fome blue- 
making rays wherewith it was allayed becomes morefo- 
tenfe and full. And, on the contrary, if the red and orange- 
making rays be intercepted at Lens, the infufion will 
lofe its tranfmitted red, whilft its blue will remain and 
become more full and per fed. Which fhews, that thein- 
fufion does not tinge the r^ays with blue and yellow, but 
only tranfmit thofe moft copioully which were red-ma- 
king before, and refled s thole moft copioully which were 
blue-making before. And after the fame manner may the 
reafons of other Phenomena be examined, by trying 
them in this artificial Beam of Light X Y. 

THE 






hi 

; inftance, Cinnaber ill,, . 

f the fame red Colour’ v’ 
is you intercept the gjj | 

' s > re< ? nefs willbeco,,; | 

ou there intercept the red 

longer appear red, butk' 
fome other Colour, acc 0t ' 
rich you do not intercept 
ppears of the fame yelfe 
f intercepting at theLen^ ■ 
making rays it will appear 
ryed) which fhews that its - 
;efs of the intercepted rap 
:heir Colour when they are j 
Lignum Nephritic um ( as [ 

in this Beam of Light XY 
irt of the Light, and yellow 
as when 7 tis viewed in Day- j 
e blue at the Lens the info. ! 
ue Colour, whilft its tranf* I 
nd by the lofs of fome blue, 
as allayed becomes moreia- ! 
itrary, if the red and orange- 
at Lens, the infufion will 
[ft its blue will remain and 
Which fhews, that the in- 
swith blue and yellow, bat 
ioully which were red-fim- 
t inoft copiouily which wck 
: er the fame manner may the 
aa be examined, by trying 
of Light X Y> thE 











Boot I. &rt Flaw I. 



Fig.j. 



Fig 8. 




Boot I. Fart H. Plate Jt. 





Book!. Farr E. Plate m. 




y 



irjj.t 





Book I. Part jft.Plate ^ 



Fig 






Book I. fart I.? late N. 






THE 
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part I. 




Observations concerning the Reflexions, Ref i actions, and 
Colours of thin tranffarent Bodies. 



I T has been obferved by others that tranfparent 
Subftances, as Glafs, Water, Air, tec. when made 
very thin by being blown into Bubbles, or otherwife 
formed into Plates, do exhibit various Colouis accor- 
ding to their various thinnefs, although at a greater 
thicknefs they appear very clear and^ colour lei s. In 

the former Book I forbore to treat of thele Colours, 
becaufe they feemed of a more difficult confideration, 
and were not neceflary for eftablifhing the Properties 
of Light there dilcourfed of. But becaufe they may 
conduce to further difeoveries for completing the 
Theory of Light, efpecially as to the conftitution of 
the parts of natural Bodies, on which their Colours or 
Tranfparency depend ; I have here let down an ac- 
count of them. To render this Difcourfe fhort and 
diftinft , I have firft deferibed the principal of my 

A a Obfer- 
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Obfervations, and then confidered and made nr * 
them. The Obfervations are thefe. ^ ^ 

O B S. I. 

; Compreffing two Prifms hard together that f L ■ 
Sides (which by chance were a very little convexWi! 
iome where touch one another : I found the nhr • 
which they touched to become abfolutely trai,f„,„ 
as if they had there been one continued piece 0 t cm* 
For when the Light fell fo obliquely on the Air whirl 
in other places was between themes to be all refleftd 
it feemed in that place of contact to be wholly tranf 
mitted, infomuch that when looked upon, it appcamj 
like a black or dark Spot, by reafon that little or no 
fenfible Light was reflected from thence, as from other 
places ; and when looked through it feemed (as it were! 
a hole in that Air which was formed into a thin Plate 
by being comprefied between theGlafles. And through 
this hole Objects that were beyond might be feen 4 
ftinCtly, which could not at all be feen through other 
parts of the Glades where the Air was interjacent. Al- 
though the Glades were a little convex, yet this tranf- 
parent Spot was of a conliderable breadth, which breadth 
feemed principally to proceed from the yielding inwards 
of the parts of the GlafTes, by reafon of their muM 
predure. For by preding them very hard together it 
would become much broader than otherwiie. 



0 BS. 
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When the Plate of Air, by turning the Pate _ about 

as you fee them delineated m the 1 | . 

by continuing the motion of the p nfins, thefe A: rc ^ 
created and bended more and more about the laid trans - 
parent Spot, till they were completed into Circles or 
Rings in compading it, and atterwards continually gie^ 

more and more contracted. . 

Thefe Arcs at their firft appearance were oi a violet 
and blue Colour, and between them were white Arcs 
of Circles, which prefently by continuing the motion of 
the Prifms became a little tinged in their inward Limbs 
with red and yellow, and to their outward Limbs the 
blue was adjacent. So that the order of thefe Colours 
from the central dark Spot, was at that time white, 
blue, violet ; black ; red, orange, yellow, white, blue, 
violet, l$c. But the yellow and red were much fainter 
than the blue and violet. 

The motion of the Prifms about their Axis being con - 
tinued, thefe Colours contracted more and rnore,fhrink- 
ing towards the whitenefs on either fide of it, until they 
totally vanifhed into it. And then the Circles in thole 
parts appeared black and white, without any other Co- 
lours intermixed. But by further moving the Prifms 
about, the Colours again emerged out of the whitenefs, 
the violet and blue as its inward Limb, and at its out 

A. i 
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O B S. III. 

When the Rings or feme parts of them appeared 0 „l 
black and white, they were very diftina and we ii 2 
hned, and the backnefs feemed as intenfe as that* 
the central Spot. Alio in the borders of the Ri 1]p ° 
wliere the Colours began to emerge out of the whif’ 
nefs, they were pretty diftind, which made them P 
iible to a very great Multitude. I have fometijj 
numbred above thirty Succeflions ( reckoning even- 
black and white Ring for one Succeflion ) and feel 
more of them, which by reafon of their fmalnefs I could 
not number. . But in other Pofitions of the Prif ms at 
which the Rings appeared of many Colours, I could not 
diftinguifh above eight or nine of them, and the exte- 
rior of thofe were very confuted and dilute. 

In thefe two Obfervations to fee the Rings diflinft 
and without any other Colour than black and white] 
found it neceffary to hold my Eye at a good diftana 
from them. For by approaching nearer, although in the 
fame inclination of my Eye to the plane of the Rings, 
there emerged a blueifh Colour out of the white, 
which by dilating it felf more and more into the black 
rendred the Circles lefs diftind, and left the white a 
little tinged with red and yellow. 1 found alio by 
looking through a flit or oblong hole , which was 
narrower than the Pupil of my Eye, and held clofe to 
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„ , t „ , he prifms, I could fee the Circles much 
diSer 'dfible to a far greater number than 



otherwHe. 



O B S. IV. 



To obferve more nicely by the order of the C ° Io {^ 

which arofe out of the white Circle as the Rays be^ 

came lefs and lefs inclined to the plate of Air, 1 tooK 
two Objea Glafles, the one a Plano-convex for a fours 
teen-foot Telefcope, and the other a large double con- 
vex for one of atouc fifty-foot; and upon this, laying the 
other with its its plane-fide downwards, I prefled them 
{lowly together .to make the Colours fucceffively emerge 
in the middle of the Circles, and then flowly lifted 
the upper Giafs from the lower to make them luccei- 
fively vanifli again in the fame place. The Colour, 
which by prefling the Glafles together emerged laid in 
the middle of the other Colours, would upon its firft 
appearance look like a Circle of a Colour almofl: uni- 
form from the circumference to the center , and by 
comprefling the Glafles fliil more, grow continual^ 
broader until a new Colour emerged in its center, and 
thereby it became a Ring encompafling that new Co- 
lour. And by comprefling the Glafles ftill more, the 
Diameter of this Ring would encreafe, and the breadth 
of its Orbit or Perimeter decreafe until another new 
Colour emerged in the center of the lafl: : And fo on 
until a third, a fourth, a fifth, and other following 
new Colours fucceflively emerged there, and became 
Rings encompafling the innermoft Colour,, the lafl of 
which was the black Spot, And, on the contrary, by 

lifting 
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lifting up the upper Glafs from the lower, the H' 
ot the Rings would decreafe, and the breadth l ?? et 
Orbit encreafe, until their Colours reached fucr rv i[ 
to the center ; and tlien they being of a conf;5 ■ , I 
breadth, I could more eafily dilcern and difll,^ 
their Species than before. And by this means Pf 1 
ferved their Succeffion and Quantity to be as f° 
loweth. ' b f °l 

Next, to thepellueid central Spot made by the 
tad ot die Glafles lucceeded blue, white, yellow 
red, the blue was fo little in quantity that I could ^ 
difeern it in the circles made by the Prifms, nor m!!i • 
1 well diftinguifh any violet in it, but the yellow anil 
red were pretty copious, and leemed about as muc ! 
in extent as the white, and four or five times ml 
than the blue. The next Circuit in order of Colour! 
immediately encompaffing thefe were violet, blue 
green, yellow, and red, and thefe were all of them to* 
pious and vivid, excepting the green, which was ven 
little in quantity, and leemed much more faint and 
dilute than the other Colours. Of the other four, the 
violet was the leaf! in extent, and the blue lefs that 
the yellow or red. The third Circuit or Order war 
purple, blue, green, yellow, and red * in which the 
purple feemed more reddifh than the violet in the 
former Circuit, and the green was much more confpi- 
cuous, being as brifque and copious as any of the othei 
Colours, except the yellow ; but the red began to 1 
a little faded, inclining very much to purple. Aftei 
this lucceeded the fourth Circuit of green and red. The 
green was very copious and lively, inclining on the one 
lide to blue, and on the other fide to yellow. But ui 




[ 7 ] 

, . , , t . r : r , n ;t there was neither violet, blue _ nor 

this foul thCli cm imperfea and dirty. 

^r°The fuccecd in g Colours berame more and more .in- 

Glalfo weremoft compreffed fo as to the Second 
c +■ onnpir in the Center, is delineated in the betona 

Figure f where a, i, c, d,e:f, «,b, i,k: m , », «,f - 

denote the Colours reck’ned in oidei fiom 
the center* black, blue, white, yellow, red : violet, 
blue' green, yellow, red: purple, blue, green, yellow, 
red : green, red : greeniih blue, red : gieemlh blue, 
pale red : green ifh blue, reddifh white. 

O B S f V. 

To determine the interval ot the Glahes, or thick- 
nefs of the interjacent Air, by which each Colour was 
produced, I meafured the Diameters of the firft fix 
Rings at the moft lucid part of their Orbits, and fqua- 
ring them, I found their Squares to be in the Arith- 
metical Progreflion of the odd Numbers, i . 3. 5. 7. 9. 1 1 . 

And fince one of thefe Glaffes was Plain, and the other 
Spherical, their Intervals at thofe Rings mult be in the 
fame Progrelfion. I meafured alfo the Diameters of 
the dark or faint Rings between the more lucid Co- 
lours, and found their Squares to be in the Arithme- 
tical Progreflion of the even Numbers, a. 4.. 6. 8. 1 o. 12. 

And it being very nice and difficult to take thefe mea- 
fures exactly ; I repeated them at divers times at divers 
parts of the Glaffes, that by their Agreement I might 
be confirmed in them. And the fame Method I ufed in 

deter- 





determining fome others of the following nir 
tions. b 

O B S. VI. 

The Diameter of the fixth Ring at the mofi- » . 
part of its Orbit was £ parts of an Inch, and the TV* 

S P here on which the double convex n?' 
ject-Glafs was ground was about 102 Feet and ft 

1 thicknefs of the Air or Aeral W, 

ol the Glafles at that Ring. But fome time after f. ■ 
pefting that in making this Obfervation I had not 
termined the Diameter of the Sphere with fufficientar 
curatenefs, and being uncertain whether the Pl an / 
convex Glafs was truly plain, and not fomethino con 
cave or convex on that fide which I accounted^ 
and whether I had not prefled the Glafles together l 

I often did, to make them touch (for by preiling ij 
Glafles together their parts eaflly yield inwards, ad 
the Rings thereby become lenfibly broader than they 
would be, did the Glafles keep their Figures) 1 re- 
pea ted the Experiment, and found the Diameter of 
the fixth lucid Ring about parts of an Inch. Ire- 
peated the Experiment alio with fuch an Objeft-GlaG 
ot another Telelcope as I had at hand. This wasadoublt 
convex ground on both fides to one and the fame 
Sphere, and its Focus was diftant from it 83 j Inches. 
And thence, it the Sines of incidence and refra&ion of 
the bright yellow Light be afliimed in proportion i\ 

I I to 1 7, the Diameter of the Sphere to which the 
Glafs was figured will by computation be found 182 In- 
ches. This Glafs I laid upon a flat one, lb that the 
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,, 1, cjimt aooenred in the middle ofthe Rings of Colours 

black Spot appemcu t hht ot the weight ot 

without any otnei \ /■. • _ *.| ie Diameter of the 

the Glafs. And now l found it the 

fifth dark Cut ‘ This meafure was taken 
fifth part of an Inch pre c ‘l«Y- g " , er f ur , 

with the points eight 

face on the upper Glals and my ftye perpen _ 

or nine Inches d fence from the Glals, aimoit p«p 
a "hriv 'over it, and the Glafs was * of an Inch thick, 
and hence ft is ’ealy to colleft that the true Diameter 
of the Ring between the Glaffes was greater than its 
meafured Diameter above the Glaffes in the proportion 
of 80 to 79 or thereabouts, and by confequence equal 
to if parts of an Inch, and its true Semi-diameter equal 
to % parts. Now as the Diameter of the Sphere ( 1 ba In- 
ches) is to the Semi-diameter of this fifth dark Ring 
( 4 parts of an Inch ) fo is this Semi-diameter to the 
thicknefs of the Air at this fifth dark Ring ; which is 
therefore or parts ot an Inch, and the fifth 
part thereof/ vm the ^ 7 th part of an Inch, is the 
thicknefs of the Air at the fir ft of thefe dark Rings. 

The fame Experiment [ repeated with another dou- 
ble convex Objed -glafs ground on both fides to one and 
the fame Sphere. Its Focus was diftant from it 16 8^ 
Inches, and therefore the Diameter of that Sphere was 
-184. Inches. This Glafs being laid upon the fame 
plain Glafs, the Diameter of the fifth of the dark 
Rings, when the black Spot in their center appeared 
plainly without preffing the Glafles , was by the mea* 
lure of the Compafles upon the upper Glafs ~~ parts 
of an Inch, and by confequence between the Glafles it 
was jg. For the upper Glafs was! of an Inch thick, 
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and my Eye was diftant from it 8 Inches a„j 
proportional to half this from the Diamet„ i hitJ 
Sphere is ^ parts of an Inch. This is therpf ° f lllt 
thicknels of the Air at this Ring, and a fifth tl,! 

°f, va the sfeth part of an Inch is the thickSf!^' 
of at the firft of the Rings as above. fere. 

I tryed the fame thing by laying thefe Ohiefl n «. 
upon fiat pieces of a broken Lcoking-glafs J ± 
the fame meafures of the Rings : ¥ldch « k 
rely upon them till they can be determined ,n ore 
curately by Glaffes ground to larger Spheres, though 
in fuch GlafTcs greater care muft be taken of i 
plain. irUe 

Thefe Dimenfions were taken when my Eve un- 
placed a 1 mo ft perpendicularly over the GMC beb 
about an Inch , or an Inch and a quarter, diftaii fJ 
the incident rays, and eight Inches diftant from £ 
Glals; lo that the rays were inclined to the Glafsinaa 
Angle of about 4 degrees. Whence by the following 
Obfervation you wilt underftand, that had the rays 
been perpendicular to the Glafles, the thicknels of the 
Air at thefe Rings would have been lefs in the proper- 
tion of the Radius to the fecant of 4 degrees, that is of 
loooo. Let the thicknefles found be therefore dimj. 
niftied in this proportion, and they will become^ -' 
tfjssp or ( to ufe the neareft round number) the ^11 
part of an Inch. This is the thicknefs of the Air at J§ 
darkeft part of the firft dark Ring made by perpendi- 
cular rays, and half this thicknefs multiplied by the 
progreflion,! ,3,5 ,7,9, 1 1 ,l?c. gives the thicknefles of the 
Air at the moft luminous parts of all the brightefi 

^ ‘ “ ' " c .1* j.'J 
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Rings, viz. 
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means 



o 1 

■ _i_ _i_ \g c . being its thicknefTes at the 
means , , 

darkeft parts of all the dai k one - 

OBS. VII. 

The Rings were leaft when my Eye was^ placed per- 
pendicularly over the Glafles in the Axis of the Ring- 
And when I viewed them obliquely they became g* 
ger, continually fwelling as I removed my Eye further 
from the Axis. And partly by meafuring the Diameter 
of the fame Circle at feveral obliquities of my Eye, 
partly by other means, as alfo by making ule or the 
two Frifms for very great obliquities. ^ I round its Dia- 
meter, and confequently the thicknefs of the Air at its 
perimeter in all thofe obliquities to be very nearly in the 

1 *.• „ ,, 'Toki- 
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In the two firft Columns are expreffed th P ^kr 

o the incident and emergent rays to the 

An- that is, their angles o & f incidie anfrefe?' * 

thp thuvk !>: r- AtUdCtJ 



'? . , -p A “ 1J 5 1CS ui incidence and refraft;„ ? 

the third Column the Diameter of any colourii D' 1 " 
at thofe obliquities is expreffed in pans, of whid,^ 
conftitute that Diameter when the rays ire oe ni , 
lar. And in the fourth Column the thicknels of tl! i 
at the circumference of that Rina is expreffed " 
ol which alfo ten conftitute that thicknefs when tL m 
are perpendicular. 1 ra }' s 

And from thefe meafures I leem to gather thk d i 
T hat the thicknefs of the Air is proportional to the r' 
cant of an angle, whole Sine is a certain mean Pra *! 
tional between the Sines of incidence and refradion 
And that mean proportional, fo far as by thefe mealur* 
I can determine it, is the hr ft of an hundred and ft 
arithmetical mean proportionals between thofe Sinr 
counted from the Sine of refradion when the refra- 
^tion is made out of the Glafs into the plate of Air « 
from the Sine of incidence when the refra&ion ii 
made out ol the plate of Air into the Glafs, 

O B S. VI I L 

The dark Spot in the middle of the Rings increafd 
alfo by the obligation of the Eye, although almoft in. 
fenfibly. But if inftead of the Objed-Glaffes the Prifro 
were made ufeof, its iriereafe was more manifefhvto 
viewed fo obliquely that no Colours appeared about it, 
It was leaft when the rays were incident moft obliquelj 
on the interjacent Air, and .as the obliquity decreafd 
it increafed more and more until the coloured Rings if 



, , „ ,_ rP1 c e d again, but not fo much as 
peared, and t te hence it is evident, that the 

it increafed befoie- .7, at the abfolute contaft ot the 
transparency was " ^ ]lgd f ome little interval. 

Gluffes, bu . a , ^ ^ Diameter of that Spot to 

I have fometimes obfened _ Diameter of 

be between halt and the firft cir- 

the exterior “ rcM ^X-^lSwSl almoft per- 

hriv^wherra^whenWcwed'obliquely it U 
pendicu a ) , become ke and white like the 

other parts of the Glafs ; whence it may be colleaed 
Sat ti e Glaffes did then fcarcely, or not at all, touch 
fne another, and that their intern at the perimeter 
rf that Spot when viewed perpendicularly was about a 
fifth or fixth part of their interval at the circumference 

of the faid red. 

O B S. IX. 



By looking through the two contiguous Object- 
Glaffes, I found that the interjacent Air exhibited Rings 
of Colours, as well by tranfmitting Light as by refletf- 
ina it. The central Spot was noW white, and from it 
the order of the Colours were yellowifh red ; black ; 
violet, blue, white, yellow, red ; violet, blue, green, 
yellow, red, l $c. But thefe Colours were very faint 
and dilute unlefs when the Light was trajeded very 
obliquely through the Glaffes : For by that means they 
became pretty vivid. Only the firft yellowifti red, like 
the blue in the fourth Observation, was fo little and 
faint as fcarcely to be difeerned. Comparing the co- 
loured Rings made by reflexion, with thefe made by 

tranf- 







Fig. 3 , 
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tranfmifiion of the Light * I found that whiter 
pofite to black, red to blue, yellow to violet * ^ as °P* 
to a compound of red and violet. That is V?r ^ 

ot flip Olsfc 1 1 _ . 1 . < ^ ^ 



Parts 



ot the Giafs were black when looked through V ' 15 

” — 111 - - - whicfi 

other Colours. The manner you have reoreW^ 

the third FianrP. ,*rU^ AU V- n 



when looked upon appeared white, and on 

trary. And fo thofe which in one cafe exhibited) 0 ’ 1 ' 

did in the other cafe exhibit red. .And the lit? 
ntlipp HTl. , LilL like of fL 



j! ie Figure, where AB, CD, are the lurfacesnf 
the Glades contiguous at E, and the black 
tween them are their diftances in arithmetical prop - 
hon, and the Colours written above are feen bv 
detted Light, and thole below by Light tranfmitted^ 

OBS. X. 

I 

Wetting the Obje£-Glades a little at their edpe; 
the water crept in (lowly between them, and the Cir- 
cles thereby became lefs and the Colours more feint- 
Infomuch that as the water crept along one half oi 
them at which it firft arrived would appear broken off 
from the other half, and contracted into a lefs room, 
By lraafuring them I found the proportions of their 
Diameters to the Diameters of the like Circles made to 
Air to be about feven to eight, and consequently the in- 
tervals of the Glades at like Circles, caufed by thofe 
two mediums Water and Air, axe as about three to four. 
Perhaps it may be a general Rule, That if any other 
medium more or lefs denfe than water be compreffd 
between the Glades, their intervals at the Rings caufed 
thereby will be to their intervals caufed by interjacent 

Air, 
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Air as the Sines arc which meafure the refrafhon made 
out of that medium into Air. 

OBS. XI. 

When the water was between the Glafles, it I pref- 
fed the upper Giafs varioufly at its edges to make the 
Rings move nimbly from one place to another, a little 
white Spot would immediately follow the center of 
them, which upon creeping in of the ambient water 
into that place would prefen tly vanifh. Its appearance 
was fuch as interjacent Air would have caufed, and it 
exhibited the fame Colours. But it was not Air, for 
whereany bubbles of Air were in the water they would 
not vanifh. The reflexion rauft have rather been caufed 
by a fubtiler medium, which could recede through the 
Glaffes at the creeping in of the water. 

O B S. XII. 



Thefe Obfervations were made in the open Air. But- 
further to examin the effects of coloured Light falling, 
on the Glades, I darkened the Room, and viewed them 
by reflexion of the Colours of a Prifm caft on a Sheet 
of white Paper, my Eye being fo placed that I could 
fee the coloured Paper by reflexion in the Glades, as 
in a Looking-glafs, And by this means the Rings be- 
came diftinTer and vilible to a far greater number than 
in the open Air. 1 have fometimes feen more than 
twenty of them, whereas in the open Air I could not 
difeern above eight or nine. 





[«n 

O B S. XIII. 

Appointing an affiant to move the Prifin to 
fro about its Axis, that all the Colours might f Ucc . 
lively fall on that part of the Paper which I f aw C J‘ 
reflexion from that part of the Glafles, where theC - ' 
cles appeared, fo that all the Colours might be fu Cc J 
lively reflected from the Circles to my Eye whilft I ] lf ]J 
it immovable, I found the Circles which the red Lis| lt 
made to be manifeftly bigger than thofe which were 
made by the blue and violet. And it was very pl a . 
iant to fee them gradually fwell or contract accordiiw 
as the Colour of the Light was changed. The Inter? 
val of the Glafles at any of the Rings when they were 
made by the utnioft red Light, was to their interval at 
the fame Ring when made by the utmoft violet, greater 
than as 3 to a, and lefs than as 1 3 to 8, by the moft of my 
Obfervations it was as 14 to 9. And this proportion 
feemed very nearly the fame in all obliquities of my 
Eye ; unlefs when two Prifrns were made life of in fid 
of the Objedt -Glafles. For then at a certain great 
obliquity of my Eye, the Rings made by the Feven! 
Colours feemed equal, and at a greater obliquity tkt 
made by the violet would be greater than the faint 
Rings made by the red. The refraction of the Prifin 
in this cafe caufing the moft refrangible rays to fall 
more obliquely on that plate of the Air than the W 
refrangible ones. Thus the Experiment fucceeded 11 
the coloured Light, which was fufficiently ftrong arl 
copious to make the Rings fenfible. And thence it 
may be gathered, that if the moft refrangible and Jen 



.efmig'We ray* rays, the 

little greater, fuppofe Hj or * > 

CBS. XIV. 

Whilft the Prifin was , d Colour M 

uniform motion, to nu J 1 ; ^ G) an( i thereby to 
l'ucceflively upon the Objefl-U 4«es, . ^ 

ma ke the ^variation of 

-d floweft in the 

violet and in the intermediate Colours it had inter- 
mediate degrees of celerity. Comparing the quantity 
Stolon and dilution made by all the degrees ot 
each Colour, I found that it was greateft in the red 
lefs in the yellow, ftffl lefs m the blue, and leaft in the 
violet. And to make as juft an efhmation as I could ot the 
proportions of their contra&ions or dilations, I obferved 
that the whole contraction or dilation of the Diametei 
of any Ring made by all the degrees of red, was to that 
of the Diameter of the fame Ring made by all the de- 
crees of violet, as about four to three, or five to four, and 
that when the Light was of the middle Colour between 
yellow and green, the Diameter of the Ring was very 
nearly an arithmetical mean between the greateft Dia- 
meter of the fame Ring made by the outmoft red, and 
the leaft Diameter thereof made by the outmoft violet : 
Contrary to what happens in the Colours of the oblong 
Spedtrum made by the refraction of a Prifm, where the 
red is moft contracted , the violet moft expanded, and 

D d in 
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in the midft of all the Colours is the confine of 



and blue. And hence I feem to colled that the tp? 
neffes of the Air between the Glades there, w her 
Ring is fucceffively made by the limits of the five 
cipal Colours (red, yellow, green, blue, violet) i n oX 



the 



( that is, by the extreme red, by the limit of red a 
yellow in the middle of the orange, by the limit 1 
fellow and green, by the limit of green and blue K 
the limit of blue and violet in the middle of the J 
digo, and by the extreme violet ) are to one another 
very nearly as the fix lengths of a Chord which 
the notes in a fixth Major, fol , la, mi , fa, fof / tt; 
it agrees fomething better with the Obfervation to f av 
that the thicknefies of the Air between the Gfefles there 
where the Rings are fucceffively made by the limits of 
the feven Colours, red, orange, yellow, green, blue, in. 
digo, violet in order, are to one another as the Cube- 
roots of the Squares of the eight lengths of a Chord 
which found the notes in an eighth, fol, /a, /«, fy 
mz, fa, fol • that is, as the Cube-roots of the Squares 
of the Numbers, i,f, \ 9 % ~ 6 , 

OBS, XV. 

Thefe Rings were not of various Colours like thole 
made in the open Air, but appeared all over of that 
prifmatique Colour only with which they were ilk 
ininated. And by projecting the prifmatique Colours 
immediately upon the Glades, I found that the Light 
which fell on the dark Spaces which were between 
the coloured Rings , was tranfmitted through the 

Glades without any variation of Colour. Bor on * 

white 
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Paper placed behind, it would paint Rings of 
Colour with thofe which were refilled, and 
their immediate Spaces. And from 
thefe Rings is mamfeft ; namely, 
between the Glades, according to its va 
tmeknefs, is difpofed in fome places to 
inTthers to tranfmit the Light of any one Co- 
vou may fee reprefented in the fourth Figure ) &g. 



O B S. XVI. 





The Squares of the Diameters of thefe Rings made 
by any prifmatique Colour were in arithmetical pro- 
greffion as in the fifth Obfervation. And the Diameter 
<jf the fixth Circle, when made by the citrine yellow, 
and viewed almoft perpendicularly, was about parts 
of an Inch, or a little lefs, agreeable to the fixth Gb- 
fervation. 

The precedent Obfervations were made with a rarer 
thin medium, terminated by a denfer, fuch as was Air 
or Water com preffed between two Glades. In thofe 
that follow are fet down the appearances of a denfer 
medium thin’d within a rarer, fuch as are plates of 
Mufcovy-giafs^ Bubbles of Water, and fome other thin 
fubftances terminated on all fades with -Air, 
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O B S. XVII. 

If a Bubble be blown with Water fil'd made ■ 
by diffolving a little Soap in it, ’tis a cojfc 
varion, that after a while it will appear tinaed 
great variety of Colours. To defend thefe Bti i 
from being agitated by the external Air (whereby t ? 
Colours are irregularly moved one among another? 
that no accurate Obfervation can be made of their, i ° 
foon as 1 had blown any of them 1 covered it w jji 8 
clear Glafs, and by that means its Colours emerged i* 
a very regular order, like fo many concent rick Ri? 
incompaffing the top of the Bubble. And as tk 
Bubble grew thinner by the continual lubfiding of the 
Water, thefe Rings dilated (lowly and over-fpread tie 
whole Bubble, defcending in order to the bottom of if 
where they vanifhed fttcceflively. In the mean While 
after all the Colours were emerged at the top, there 
grew in the Center of the Rings a fmall round black 
Spot, like that in the firft Obfervation, which conti- 
nually dilated it felf till it became fometimes more than 
l or ~ of an Inch in breadth before the Bubble broke, 
At firft I thought there had been no Light reflected fra 
the Water in that place, but obferving it more cn- 
rioufly, 1 faw within it feveral fmaller round Spot?, 
which appeared much blacker and darker than the reft, 
whereby 1 knew that there was fome reflexion at tk 
other places which were not fo dark as thofe Spots. 
And by further tryal I found that I could fee the Images 
of fame things ( as of a Candle or the Sun ) very faint- 
ly reflected, not only from the great black Spot, but 

nl n 




would afcend up to the b 
the Bubble, and unite w 



lir , r,,n fc **’ i 1 ’ ” i,h ’ 

often appear fmall s P° ts ° fides 0 f the Bubble, by reafon 

fcending Up and down fubfiding of the Water. 

of fome inequalities in the r 8 ■ thc fides 

fometimes fmall blacK spots 6“ f 



O B S. XVIII- 



Recaufe the Colours of thefe Bubbles were more ex- 
tended and lively than thofe of the Air thin d between, 
tivo Glaffes, and fo more ealy to to diftmgmfhed , I 
(hall here give you a further defcnption ot their oidei, 
as they were obferved in viewing them by of 

the Shies when of a- white Colour, whilft a black Su 

Slice was placed behind the Bubble And they were 
thefe, red, blue; red, blue; red, blue; red, green;, 
red. yellow, green, blue^ purple ; red, yellow^ green ? 
blue, violet * red, yellow, white, blue, black,. 

The three firft Succeffions of red and blue, were very 
dilute and dirty, efpecially the firft, where the red 
feemed in a manner to be white.. Among thefe there, 
was fcarce any other Colour fenfible befides red and 
blue, only the blues ( and principally the fecond blue) 
inclined a little to green; 

The fourth red was aifo dilute and- dirty, but not 
fo. much as the former three ; after that fucceeded little, 
or no yellow, but a copious green, which at firft incli- 
ned a little to yellow,, and then became a pretty brifque 

n n ri 
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and good willow green, and afterwards chaiwpj . 
OiUifn Colour ; but there fucceeded neither 0 a 
violet. lUe nor 

The fifth red at fir ft inclined very much ton 
and afterwards became more bright arid briiq U e i ' 
yet not very pure. This was fucceeded with' 
bright and intenfe yellow , which was but linl3 

\ 'C ' to green : But that 

was copious and lomething more pure, deep, and Uw, 

4" 1-^ rt m 1-fc A iT v A J- 2 1— T 1 di 

ex* 



quantity, and loon changed to green : But that 



gteeu 



than the former green. After that followed an 
lent blue of a bright sky-colour, and then a p Urt ,t 
which was lefs in quantity than the blue, and nXi 
inclined to red. 

The fixth Red was at firft of a very fair and lively 
Scarlet, and foon after of a brighter Colour, being 
very pure and brifque , and the beft of all the 
reds. Then after a lively orange followed an intenfe 
bright and copious yellow , which was alfo the bed 
of all the yellows, and this changed firft to a greeniih 
yellow, -and then to a greeniih blue ; but the green 
between -the yellow and the blue, was very little and 
dilute, leeming rather a greeniih white than a green, 
The blue which fucceeded became very good, and of a 
very fair bright sky-colour, but yet fortieth mg inferior 
to the former blue ; and the violet was intenfe and 
deep with little or no rednefs in it. And lefs in quan- 
tity than the blue. 

In the la ft red appeared a tindfture of fcarlet next 
to violet,, which foon changed to a brighter Colour, 
inclining to an orange ; and the yellow which followed 
was at firft pretty good and lively , but afterwards it 

grew more dilute, until by degrees it ended in perfect 
& 7 white- 



„ » , whitenefs, if the Water was very 

whitenefs. And . ld p oW ] y lpread and 

£ W refembled the threds o 

Si Net-work, and foon' after vamihed and ett all 
{’he upper part of the Bubble ot the laid dark blue 
Colour. And this Colour, after the afoiefard maijner, 
dilated it felf downwards , until fometimes it bat * 
oveifpread the whole Bubble. In the mean while at 
the top, which was of a darker blue than the bottom, 
and appeared alfo full of many round blue Spots, lome- 
thine darker than the reft, there would emerge one 
or more very black Spots, and within thole other Spots 
;„r„nfcr WarVnefs. which I mentioned in the 



themfelves until the Bubble broke, . . 

If the Water was not very tenacious the black Spots 
would break forth in the white, without any fenlible 
intervention of the blue. And fometimes they would 
break forth within the precedent yellow , or red, or 
perhaps within the blue of the fecond order, before 
the intermediate Colours had time to difplay them- 
felves. 




defcription you may perceive how great an 
Colours have with thole of Air deferi- 
fourth Obfervation, although fet down in 
rder, by reafon that they begin to appear 
Bubble is thickeft \ and are molt conve- 
niently 







[*+] 

niently reckoned from the loweft and thicker n 
the Bubble upwards. | att 

O B S. XIX. 

Viewing in feveral oblique portions of niy v, 
the Rings of Colours emerging on the top of the Bubht 
I found that they were fenfibly dilated by increalr 
the obliquity, but yet not fo much by far as Hu 
made by thin’d Air in the feventh Obfervation. p* 
there they were dilated fo much as, when viewed 
moft obliquely, to arrive at a part of the plate 
than twelve times thicker than that where they an 
peared when viewed perpendicularly; whereas in tli 
cafe the thicknefs of the Water, at which they arrived 
when viewed moft obliquely, was to that thicknefs 
which exhibited them by perpendicular rays, fome- 
thing left than as 8 to 5. By the beft of my Obfervations 
it was between 15 and 15^ to 10, an increafe about 
24 times left than in the other cafe. 

Sometimes the Bubble would become of an uniform 
thicknefs all over, except at the top of it near the black 
Spot, as I knew, becaufe it would exhibit the fame 
appearance of Colours in all pofitions of the Eye. Asi 
then the Colours which were feen at its apparent cir- 
cumference by the obliqueft rays, would be different 
from thofe that were feen in other places, by rays B 
oblique to it. And divers Spectators might, fee the 
fame part of it of differing Colours, by viewing it £ 
very differing obliquities. Now oblerving how mud 
the Colours at the lame places of the Bubble, or at di- 
vers places of equal thicknefs , were varied by § 






feveral o 

4 th, 14^’) 1 . , t rolleft the thicknefs of the Water 

h ^S& ;“the fame Colour, atfe- 
rcqmfitetoexhibi y in the proportion 
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In the two firft Columns are expreffed the obliqui- 
ties of the rays to the fuperfieies of the Water, that 
is, their Angles of incidence and refraction. Where 
1 iuppofe that the Sines which meafure them are in 
round numbers as 3 to 4, though probably the r diffo- 
lution of Soap in the Water , may a little alter its 
refractive Vertue. In the third Column the thicknefs 
of the Bubble, at which any one Colour is exhibited 
in thofe feveral obliquities, is expreft in parts, of which 
ten conftitute that thicknefs when the rays are pcrpen- 
dicular. 

I have fometimes obferved, that the Colours which 
arife on polifhed Steel by heating it, or on Bell-metal, 
and fome other metalline fubftances, when melted and 

E e poured 
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poured on the ground , where they may coni • 
open Air, have, like the Colours of Water 
been a little changed by viewing them at divert 
Equities, and particularly that a deep blue Qr '? , 
when viewed very obliquely, hath been c'haotJ IP 
deep red. But the changes of thefe Colours are n °- 
great and fenfible as of thofe made by Water p , fo 
Scoria or vitrified part of the Metal, which moft to 
tals when heated or melted do continually pro J7 
and lend out to their furface, and which by C qvp ■ ’ 
the Metals in form of a thin glafly skin, caules th? 
Colours, is much denfer than Water ; and I find Z 
the change made by the obliquation of the Eye is U 
in Colours ot the denfeft thin fubftances. 

O B S. XX, 

As in the ninth Obfervation, fo here, the Bubble, b 
tranfmitted Light, appeared of a contrary Colour l 
that which it exhibited by reflexion. Thus when k 
Bubble being looked on by the Light of the Clouds re. 
fle&ed from it, fecmed red at its apparent circuit 
rence, if the Clouds at the fame time, or immediately 
after, were viewed through it, the Colour at its di. 
eumference would be blue. And, on the contrary, 
when by reflected Light it appeared blue, it would ap- 
pear red by tranfmitted Light. 

O B S. XXL 

By wetting very thin plates of Mufcovy-glafs, whole 
thinnefs made the like Colours appear, the Colour* 

because 



rStjSLf their fpecies. So then 
t ffefs o/ a plate requifite to 

And hence, by the 
“°T s »d 6 th Obfervations, may be known theth.ck- 
ne^fl'wliich Bubbles of Water, or Kates of Mule ovy- 
glafs, or other fubftances, have at any Colour P 
jluced by them. 

O B S. XXII. 



A thin tranfparent Body, which is denfer than its 
ambient medium, exhibits more brifque and vivid Co- 
lours than that which is fo much rarer ; as I have 
particularly obferved in the Air and Glafs. For blow- 
ing Glais very thin at a Lamp-fuinace, thole plates 
incompafled with Air did exhibit Colours much 
more vivid than thofe of Air made thin between two 
Glafles. 



O B S. XXIII. 




Comparing the quantity of Light refle&ed from the 
feveral Rings, I found that it was moft copious from 
the firft or inmoft, and in the exterior Rings be- 
came gradually lefs and lefs. Alfo the whitenefs of 
the firft Ring was ftronger than that reflected from 
thofe parts of the thinner medium which were with*; 
out the Rings; as I could manifestly perceive by view* 
ing at a diitance the Rings made by the two ObjefL 
*•■■■■ E e 2 Glafles, 
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Glaffes; or by comparing two Bubbles of Water u 
at diftant times, in the firft of which the w t,; t . 0v ' 11 
appeared, which fucceeded all the Colours a !p s 
the other, the whitenefs wliich preceded them all ^ 

O B S. XXIV. 

When the two ObjeCt-Glafles were lav’d wmn 
another, fo as to make the Rings of the Colour ^ 
pear, though with my naked Eye I could not difcr 
above 8 or 9 of thofe Rings, yet by viewing the! 
through a Prifm I have feen a far greater multitude 
infomuch that I could number more than forty, belides 
many others, that were fo very fmall and cloVe to!! 
ther, that I could not keep my Eye fteddy on them 
feverally fo as to number thein,but by their extent! t 
fometimes eftimated them to be more than a hundred 
And I believe the Experiment may be improved to the 
difeovery of far greater numbers. For they feem to 
be really unlimited, though vifible only fo far as they 
can be feparated by the refraction, as 1 lhall hereafter 
explain. 

But it was but one fide of thefe Rings, namely, tint 
towards which the refraction was made, which by, tk 
refraCtion was rendered diftinCt, and the other, fide be- 
came more confufed than when viewed by the naked 
Eye, infomuch that there I could not difeern above 
one or two, and fometimes none of thofe Rings, 0! 
which I could difeern eight or nine with my naked 
Eye. And their Segments or Arcs,, which on .the 
other fide appeared fo numerous,, for the moft put 



t 2 9 i 

exceeded not the third ifcnT from 

° fth ° re Arcs be - 
the ObjeCt-Glal , difaopear and conftitute an 

ftinCter than before, appearing in the form y p. 

them defigned in the fifth Figure. 

The Arcs, where they feemed diltinCteit, were o y 
white and black fucceffively, without any other Co- 
lours intermixed. But in other places there appeared 
Colours, whofe order was inverted by the retradion 
in fuch manner, that if I firft held the Palm very near 
the ObieCt-Glaffes , and then gradually removed it 
further off towards my Eye, the Colours of the - d, 
od 4th,' -and following Rings ihrunk towards the white 
that emerged between them , until they wholly va- 
nilhed into it at the middle of the Arcs, and after- 
wards emerged again in a contrary order. But at 
the ends of the Arcs they retained their order un- 
changed. 

I have fometimes lb lay’d one ObjeCt-Glafs upon: 
the other, that to the naked Eye they have all over 
feemed uniformly white, without the leaft appearance 
of any of the coloured Rings ; and yet by viewing 
them through a Prifm, great multitudes of thofe Rings 
have difeovered themfelves. And in like manner plates 
of Mufcovy-glafs, and Bubbles of Glafs blown at a 
Lamp-furnace, which were not fo thin as to exhibit 
any Colours to the naked Eye, have through the Prifm 
exhibited a great variety of them ranged irregu- 
larly up and down in the form of waves. And fo 



Iff 
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Bubbles of Water, before they began to exhibit 
Colours to the naked Eye of a By-ftander hi 
peared through a Prifm, girded about with\ mi l 
rallel and horizontal Rings ; to produce which ift 
it was neceffary to hold the Prifm parallel 
nearly parallel to the Horizon, and to difpofe 
that the rays might be reffatted upwards, 1 
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very 
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Remarks upn the foregoing Obfervations. 






T YAving given my Obfervations of thefe Colours, 
JH before I make ufe of them to unfold the Caufes 
of the Colours of natural Bodies, it is conv* n «*" 
by the fimpleft of them, fuch as are the 
^th, 12th,. 18th,, 20th,. and 24th, I firft explain the 
more expounded. And firft to fhew how the Colours 
in the fourth and eighteenth Obfervations are pr^ 1 



Y, the lengths YA, YB, Y C, YD, YE, YF, Y 
YH, in proportion to one another, as the Cube-roots 
of the Squares of the numbers, $ ^, 1 , 4 , % % % 1, where- 
by the lengths of a mufical Chord to found all theNotes - 
in an Eighth are reprelented ; that is, in the propor-t 
tion of the numbers 6 3 00, 6 8 1 4, 7114,7631, 8255 
45 5 » 5 > 9 Hh 10000. And at the points A, B, C, D, 

E,F„ 
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E, F G H, let perpendiculars A«, B^,, 
by whole intervals the extent of the feveral r i > 
fet underneath again ft them, is to be reprefented T? 5 
divide the line A* in fuch proportion as the null 
b b h 5 j b 7 > % io, ii, fcfc fet at the points of # 
lion denote. And through thofe divifions fm t 
draw lines i I, a K, 3 L, 5 M, 6 N, 7 O be 11 * 

Now if A 2 be luppofed to reprefcnt the ‘thick- 
of any thin tranfparent Body , at which the omJ l 
violet is moft copioufly reflected in the firft RiJ ° 
Series of Colours, then by the 15th Obfervation j?j? 
will reprefent its thicknefs, at which the utmoftr i 
is moft copioufly reflected in the fame Series. S 
by the 5th and 1 6th Obfervations, A 6 and HnJ 
denote the thicknefles at which thofe extreme Colours 
are moft copioufly reflected in the fecond Series and 
A 1 o and H Q the thickneffes , at which they are 
moft copioufly reflected in the third Series, and foon. 
And the thicknefs at which any of the intermediate 
Colours are reflected moft copioufly, will, according to 
the 14th Obfervation, be defined by the difipceof the 
line AH from the intermediate parts of the lines 2 K 
6N, 10Q, be. againft which the names of thofe Co- 
lours are written below. 

But further, to define the latitude of thefe Colours in 
each Ring or Series, let A 1 defign the lea ft thicknefs, 
and A 3 the greateft thicknefs, at which the extreme 
violet in the nrft Series is reflected, and let H I, and 
H L, defign the like limits for the extreme red, and 
let the intermediate Colours be limited by the inter' 
mediate parts of the lines 1 1, and 3 L, againft which 
the names of thofe Colours are written, and fo on ; Bur 



rtrongeft at the ^dually towards thefe U- 

and from thence mdecrealcg^ ^ J ther fl d e • where 

nuts, 1 I 7 ? ^ 5 \ 7 7 t precifely limited, 

you W not conceivethemtobep^ y . 2 

but to decay indefinitely. AP d wher ^ s L becau | al _ 
the fame latitude to every f d m ’ t0 be a little 

though f r eafon of a ftronger reflexion 

ttoe yel that inequality is fo infenfiblc as fcarcely to 

hr determined by Oblervation. 

Now according to this defection, conceiving that 
the rays originally of feveral Colours are by mrns re- 
hefted at the Spaces 1 1 L 3, 5M O 7, 9 ? R n ’p ‘ 
andtranfmitted at the Spaces AH 1 1, 3 L M 5, 7 O P 9, 
J5SV. it iseafyto know what Colour mu ft in the opeii Au 
be exhibited at any thicknefs of a tranfparent thin body. 
For if a Ruler be applied parallel to A H, at that di- 
ftance from it by which the thicknefs of the body is 
feprefented, the alternate Spaces 1 1 L 3, 5 MO 7,©^. 
which it crofleth will denote the reflefted original Co- 
lours, of which the Colour exhibited in the open Air 
is compounded. Thus if the conftitution of the green 
in the third Series of Colours be defired, apply the 
Ruler as you fee at * and by its pafiing through 
fome of the blue at » and yellow at ff , as well as through 
the green at you may conclude that the green exhi- 
bited at that thicknefs of the body is principally con- 
ftituted of original green, but not without a mixture 
of fome blue and yellow. 

Ff Bv 
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By this means you may know how the Colours r 
the center of the Rings outward ought to f Ucce 
order as they were defcribed in the 4th and 1 8th n? 
fervations. For if you move the Ruler gradually f 
AH through all diftances, having paft over the*? 111 
fpace which denotes little or 110 reflexion to be J? 
by thinrteft fubftances, it will fir ft arrive at 1 thevfop 
and then very quickly at the blue and green 
together with that violet compound blue, and^their 
the yellow and red, by whofe further addition th^ 
blue is converted into whitenefs, which whitenefs cj 
tinues during the tranftt of the edge of the Rul er 
I to 3, and after that by the fucceffive deficience 
its component Colours, turns firft to compound yelfo lf 
and then to red, and laft of all the red eeafeth at t 
Then begin the Colours of the fecond Series, which 
fucceed in order during the tranftt of the edge of tie 
Ruler from 5 to O, and are more lively than before 
becaufe more expanded and fevered. And for the 
fame reafon, inftead of the former white there inter, 
cedes between the blue and yellow a mixture of orange, 
yellow, green, blue and indico, all which together ought 
to exhibit a dilute and imperfect green. So the Co- 
lours of the third Series all fucceed in order ; firft, the 
violet, which a little interferes with the red of the fe- 
cond order, and is thereby inclined to a reddifh purple; 
then the blue and green., which are lefs mixed with 
other Colours, and *confequently more lively than be- 
fore, efpecially the green : Then follows fire yellow, 
fomeof which towards the green is diftindt and good, bit 
that part of it towards the fucceeding red, as alfo that 

ted is mixed with the violet and blue of the fourth & 

lies, 



ri es, whereby various ^^d° f ThilviolS^Vblue, 
fling to purple arc “‘^P. 1 ^ e ; n g mixed with, and 

“which Ihould fuccf ^th seed, be ng ^ ^ ^ fir ft 

hidden in it, theiU b ° t fo6J1 becomes a good 

is much inclined to blue r D lively , Colour in this 

B^‘he A "^^U.the yellow, it 
fourth Series, tor as g , Q f the fifth Series, 
heg^l. int^^esaw and red are 



begins to 1 . fucceeding yellow and red are 

by whole mixture t o > f * a j] y the y e l- 

very mu* diluted l fcarce able' to 

!Tw iTreTf Afe this the leveral Series interfere more 

and more, and their Colours become more and more 

intermixed, till after three or four more revolutions 
(in which the red and blue predominate by turns ) 
, a il forts of Colours are in all places pretty equally ben- 
ded, and compound an even whitenefs. ' ■ . . 

And fmee by the 15th Obfervation the rays indued 
with one Colour are tranfmitted, where tho%oLano< 
ther Colour are refie£ted, the real on of the Colours 
made by the tranfmitted Light in the 9th and adth Ob* 
fervations is from hence evident. - . 

If hot only the order and fpecies of thefe Colours, 
but alfo the precife thicknefs of the plate, or thin body 
at. which they are exhibited, be defired in. parts of, an 
Inch, that may be alfo obtained by affiftance of the 6th 
or 1 6th Obfervations. For according to thofe Obferva* 
tions the thicknefs of the thinned Air, which between 
two Glaffes exhibited the moft luminous parts of the 
firft fix Rings were Ftbodoj TtSo«» .7^000* 1760007 iySow parts ot 
an Inch. Suppofe the Light refledfed moft copioufly 
at thefe thickneffes be the bright citrine yellow, or con- 

Ff 2 fine 








fine of yellow and orange, and thefe thicks 
be^M, Gv, G§, Go, And this being known* ^ 
eafy to determine what thicknefs of Air is re D r 11 ' 5 
by G ? , or by any other diftance of the 
A H. ier kom 



But further, fincebythe ioth Obfervation thed'i 
nefs of Air was to the thicknefs of Water whi u 
tween the fame Glafles exhibited the fame’Colou 
4 to 5 , and by the aith Obfervation the CowVf 
thin bodies are not varied by varying the ambient ° 
dium ; the thicknefs of a Bubble of Water, exhibit^ 
any Colour, will be J of the thicknefs of Air produm 
the fame Colour. And fo according to the fame r J 
and a i th Obfervations the thicknefs of a plate 0 
Glais, whole refraction of the mean refrangible ray l 
meafured by the proportion of the Sines 31 to V 
may be f t of the thicknefs of Air producing the fijg 
Colours; and the like of other mediums. 1 do not 
affirm, that this proportion of ao to 51 , holds in all 
the rays ; for the Sines of other forts of rays have other 
proportions. But the differences of thofe proportions 
are fo little that I do not here eon fid er them. On 
thefe Grounds I have compofed the following Table 
wherein the thicknefs of Air, Water, and Glafs,a:' 
which each. Colour is moft intenfeand fpecifick, is ex- 
preffed in parts of an Inch divided into Ten hundred 
thoufand equal parts.. 
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The thicknefs of coloured Plates and ‘Particles of 



Their Colours of the" 
firft Order, 


^Very Black 
Black 

Beginning of 
Black 
Blue 
White 
Yellow 
Orange 
Oled 


... ^ 
2 

1 

2 

. 2f 

! V 
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1 . 

a 1 
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ij 

it 

3 « 

l } 


t 0 

3 1 

3.0, 

3 1 

if 

i f. 

J ao 

. 3 1 

4 s 

St_ 
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Of the feconcl Order, _ 


'Violet 
Indico- 
Bl-ue 
Green 
1 Yellow 
Orange 
Bright Red 
..Scarlet 


nt 

12k 

i : 4 

167 

I 7 f 

i8f 

19I 
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I 9 * 
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nf 
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A 3 i 
I 4 f ! 
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©f the third Order, \ 

1 


"’Purple 
Indico 
Blue 
I Green 
Yellow 
'Red 

Jiluifh Red' 


21 

22 t 5 

2 3 t 
2 5 ? j 

a 7? 

29 

? 2 1 


i'5f 

16? 

i 7 ff 

iS? 0 

20f 

21 % 
24 


145 

I$T 5 

l 6 % 

nt 

i8f 

20f 


©f the fourth Order, « 


. Bluifli Green 
)Green 

JYellowifh. Green 
■ Red 


34 

l 6 

4 °i 


: 25 f 

26; 

2 7 

3 of 


22 

22+ 

m 

2 6 


Of the. fifth Orders ^ 


J.Greenifli Blue 
{.Red 


46 

? 2 | 


' 34 ? 

39 f 


29! 

34 


©f the fixth Order,. ^ 


jGreenifla Blue 
'Red 


6 5 1 


144 

4 H 


38 

42 


©fthefeventh Order, 


iGreeniihBlue 
> Ruddy White 


71: 

UL- 


53 f 

ml 


1 45 t 

( 49 J 




N dW if this Table be compared with the 6th S i 
you will there, fee the conftitution of each Col ■ 
to its Ingredients, or the original Colours of wlw 
is compounded, • and thence .be enabled to judge r 
intenfenefs or imperfe&ion ; which may fuffice *° Its 
plication of the 4th and 1 8th Qbfervations un\r 
be further defired to delineate the manner how thp 
lours appear, when the two Objea-GIaffes are Idl 
upon one, another. To do. which, let there be l 
fcfibel a large Arc of a Circle, and a (freight I' 
which may touch that Arc, and parallel to that J*. 
gent feverai occult Lines, at fuch diftances from ir' 
the numbers let againft the fevefal Colours in the Tahi" 
denote. For the Arc, and its Tangent, will reprefent 
the fuperficies of the GlalTes terminating the interjacent 
Air ; and the places where the occult Lines cut tie 
Arc will fhow at what diftanceS;; from the Center ^ 
Point of contact, each Colour is reflected. 

There are alfo other ufes of this Table : For by its 
affiftance the thicknefs of the Bubble in the 19th 01 
fervation was determined by the Colours Wbich-it 
hibited. Atrd To tjhe bignefs <bf The parts of natural 
Bodies may be conjectured by their Colours, asfhalik 
hereafter me wn . Alfo, if two or more very thin plate 
be lay’d one upon another, fp as to compote onepto: 
equalling them all m thicknefs, - the relulting Colour 
may be hereby determined. For in fiance, Mr. Hash 
his Mi [crogYafhia obferves, that a faint yellow plate of 
Mufcovy-^afs lay’d upon, a blue one, conftituted a verf 
deep purple. The yellow of the fir ft Order is a feiiit 
One, and the thicknefs of the pkte exhibiting it, k- 
Wording to the Table is 4f, to which add % the tnid* 



the 

asss % 

the 3d and jdOMer^at o » ’p rl f ms a bout their 

the Colours may ( by tu 6 , ex p re fled in 

common Axis the contrary ^ 

muft be remembred, that thole Ring w hich 

lated by the obliq nation of the rays to the An w 
intercedes the Glaffes, and that according to the Table 
n tl e 7 th Obfervaftoii, their dilatation or increafe of 
their Diameter is moft manifeft and fpeedy when they 

ate Obliqued. Now the rays of yellow being more re, 

frafled by the firft fuperficies of the faid Air than thole 
of red are thereby made more oblique to the leconcl iu> 
perficies, at which they are reflected to produce the co- 
loured Rings, and confequefitly the yellow Circle in each 
Ring will be more dilated than the red j and the excefs of 
its dilatation will be fo much the greater, by how much 
the greater is the obliquity of the rays, until at laft it be- 
comeof equal extent with the red of the fame Ring. And 
for the fame reafon the green, blue and violet, will be alfo 
fo much dilated by the ftill greater obliquity of their 
rays, as to become all very nearly of equal extent with 
the red, that is, equally diftant from the center of the 
Rings. And then all the Colours of the fame Ring 
muft be coincident, and by their mixture exhibit a 
white Ring. And thefe white Rings muft have black 
and dark Rings between them, becaufe *" — * J ~ 
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ipread and interfere with one another as before 
tor that reafon alfo they muft become diftin&er ' f ^ 
table to far greater Numbers. But yet the violet^ 
obliqueft will be fomething more dilated in propor 8 
to its extent then the other Colours, and fo very- 
appear at the exterior verges of the white. ^ ^ 




center of the Rings, the Colours muft emerge out of tl 
white in an order contrary to that which they had V 
fore, the violet and blue at the exterior limbs of each 
Ring, and the red and yellow at the interior. And the vio 
let, by reafon of the greateft obliquity of its rays, beina 
in proportion moft of all expanded, will fooneft 
at the exterior limb of each white Ring, and become 
more confpicuous than the reft. And the feveral Series 
of Colours belonging to the leveral Rings , will, 
their unfolding and fpreading, begin again to interfere, 
and thereby render the Rings lefs diftindb, and not m. 
ble to fo great numbers. 

If inftead of the Prifms the Obje£t-glaffes be made 
ule oh the Rings which they exhibit become not white 
and diftlndi by the obliquity of the Eye, by reafon that 
the rays in their paffage through that Air which inter- 
cedes the Glaffes are very nearly parallel to thofe Lines 
in which they were hr ft incident on the Glalfes, and con- 
fer} uently the rays indued with feveral Colours are not 
inclined one more than another to that Air, as it hap- 
pens in the Prifms. 

There is yet another circumftance of thefe Experiments 
to be coniidered, and that is why the black and ' 
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. when viewed at a diftance appear diftind, 
Rings which y h rnnfufed bv viewing them near 

* both the 

lefof ’every wKng. And the reafon is, that the 

SI feveral Skieslo the Glaffef, and thofe which 
are moft oblique, if confidered apart, would teprelent 
the Rings bigger than thofe which are the leaft oblique. 
Whence the preadth of the perimeter of every white 
Ring is expanded outwards by the obliqueft rays, 
and inwards by the leaft oblique. And this expanfion 
is fo much the greater by how much the greater is the 
difference of the obliquity ; that is, by how much the 
Pupil is wider, or the Eye nearer to the Giafles. And 
the breadth of the violet muft be moft expanded, be- 
caufe the rays apt to excite a fenfation of that Colour 
are moft oblique to a fecond, or further fuperficies of 
the thin’d Air at which they are reflected, and have 
alfo the greateft variation of obliquity , which makes 
that Colour fooneft emerge out of the edges of the 
white. And as the breadth of every Ring is thus aug- 
mented, the dark intervals muft be diminifhed, until 
the neighbouring Rings become continuous, and are 
blended, the exterior firft, and then thofe nearer the 
Center, fo that they can no longer be diftinguifh’d 
apart , but feem to conftitute an even and uniform 
whitends. 

Among all the Obfervations there is none accompa- 
nied with fo odd circumftances as the aqth. Of thofe 
the principal are, that in thin plates, which to the 
naked Eye feem of an even and uniform tranfparent 

G g white- 
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whitenefs, without any terminations of ftn^ 
refraction of a Prifm fliould make Rings of 0^ t!le 
pear, whereas it ufually makes Objeds appear T a P' 
only there where they are terminated with ■$ 
have parts unequally luminous; and that it fhoul?^ 
thofe Rings exceedingly diftind and white 3 r ke 
it ufually renders Objects confufed and coloured 
caufe of thele things you will underhand by conf,lJ e 
that all the Rings of Colours are really in the 
When viewed with the naked Eye, although 
of the great breadth of their circumferences tW ? 
much interfere and ar.e blended together,that tkl t0 
to conftitute an even whitenefs. But when the ? 
pafs through the Prifm to the Eye, the- orbits oft!' 
leveral Colours in every Ring are refraded, fo me J 
niaa others, according to their degrees ofrefrangibfe. 
by which means the Colours on one fide of the Rjfe 
^that is on one fide of its Center) become more unfold j 
and dilated, and thofe on the other fide more eompf. 
cated and contraded. And where by a due refradnca 
they, are fo much contraded, that the fevral Rings be- 
come narrower than to interfere with one another, 'they 
mujft appear diftindfc, and alfo white, if the comm 
Colours be fo much contradedasto be wholly coiaddeiit 
But, on the other fide, where the orbit of every Ring 
is made broader by the further unfolding of its Co- 
lours, it muft interfere more with other Rings than 
before, and fo become lefs diftind. 

To explain this a little further, fuppofe the concen* 
fig. 7 . trick Circles A V, and B X , reprefen t the red and violet 
of any order, which, together with the intermediate 

Colours, 
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anv one of there Rings- Now thefe 
Colours, court y p 1 .:r, 1 i the violet Circle B X, 

being viewed through^Pj ^ forther tranllated from 
will by a greater icu fo approach nearer to 

its place than the red A V, re f r adions are made. 

In that fide, towards whl the violet 
For infhtnce, if the led ^ h ’nearer to it 

mybetanllatedto^x, fo^^ '^P further tranllated 
at x than befoie, an .,ch further tranllated to 

to av, the violet may hefomuch juitt ^ ^ ^ 
b x as to convene with it at , ft;u fo much 

further tranflated to^ ^^|^ ond it at §, and 
furthei trail a y , r ^ lld t y s being underftood 

Of all Sk Other in, 
Ste Colours, and alfo of every revolution of 
thofe Colours, you will eafily perceive how thofe of the 
fame revolution or order, by their n^rnefs at and 
V ?, and their coincidence at xv, e and/, ought to 
ftitute pretty diftinft Arcs of Circles, efpecially at xv 
or at And/, and that they will appear feverally at 
x<v and at x v exhibit whitenefs by their coincidence, 
and again appear feveral at T £, but yet in^ Conti ary 
order to that which they had before, and Rill retain 
beyond e and f. But, on the other fide, at afy 
or *^, thefe Colours muft beeome much toe confu- 
fed by being dilated and fp'read fo, as to interfere with 
thofe of other Orders. And the fame confufion will 
happen at t g between e and/, if the refrattion ht very 
great, or the Prifm very diftant from the Obje<R-Gkfifes : 
In which cafe no parts of the Rings will be feen, lave 
only two little Arcs at e and/, whofe diftance from one 

G p o another. 
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another will be augmented by removing the- P v 
M further from the Objeft-Glaffes : Andthel r ! 5 
Arcs muft be diftinaeft and whiteft at their middle? 
at their ends, where they begin to grow confufed 
muft be coloured. And the Colours at one 1 ft 
every Arc muft be in a contrary order to thofe at 
other end, by reafon that they crofs in the intermf 
diate white 3 namely their ends, which verge to™, f 
will be red and yellow on that fide next thefV 
ter, and blue and violet on the other fide. But th?' 
other ends which verge from r « will on the contra™ 
be blue and violet on that fide towards the Center 
on the other fide red and yellow. 5 m 

Now as all thefe things follow from the Properties 
or Light by a mathematical way of reafoning fo ftp 
truth of them may be manifefted by Experiments f 0r 
“! da ,|' k ro ° m .5 by viewing thefe Rings through a 
i'nlm, by reflexion of the feveral prifmatique Colours 
which an affiftant caufes to move to and fro upon a 
Wall or Paper from whence they are reflected, whilfl 
the Spectator’s Eye, the Prifin and the Objedt-Giaflh 
( as in the 1 3th Obfervation ) are placed fteddy : the 
pofition of the Circles made fucceflively by the feveral 
Colours, will be found fuch, in refpedt of one another, 
as I have defcribed in the Figures or abxv* 

or K&Zr. And by the fame method the truth of 
the Explications of other Obfervations may be exa- 
mined. 

By what hath been faid the like Phrenomina of 
Water, and thin plates ot Glafs may be underftood. 
But in fmall fragments of thofe plates, there is this 

further 
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farther obfervable, that where they lye flat upon a 
Tableand are turned about their Centers whilft they are 
viewed through a Prifm , they will in lome poftures 
exhibit waves of various Colours, and lome of them ex- 
hibit thefe waves in one or two pofitions only , but the 
moft of them do in all pofitions exhibit them, and make 
them for the moft part appear almoft all over the plates. 
The reafon is, that the fuperficies of fuch plates are not 
even, but have many cavities and fwellings, which how 
shallow foever do a little vary the thicknefs of the 
plate. For at the feveral fides of thofe cavities, for 
the reafons newly defcribed, there ought to be produ- 
ced waves in feveral poftures of the Prilrn. Now though' 
it be but fome very fmall, and narrower parts- of- the 
Glafs, by which thefe waves for the moft part are cau~ 
led, yet they may feem to extend themfelves over the 
whole Glafs, becaufe from the narrowed: of thofe parts- 
there are Colours of feveral Orders that is- of feveral 
Rings, confufedly reflected, which- by refradtion of the 
Prifm are unfolded, leparated, and according to their 
degrees of refradtion, difperfed to feveral places, fo as to 
conftitute fo many feveral waves, as there were divers 
orders of Colours promifeuoufly reflected from that 
part of the Glafs. 

Thefe are the principal Phenomena of thin Plates 
or Bubbles , whole explications depend" on the pro- 
perties of Eight, which I have heretofore delivered. 
And thefe you fee do neceffarily follow from them, and 
agree with, them, even to their very leaft circumftances ; 

E d not L onl y lo > but very much tend to their proof. 
Thus, by. the 24th Obfervation, it appears, that the 

rays 
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rays of feveral Colours made as well by thin Pin- 
Bubbles, as by refractions of a Prifm, have feven?/ 
grees of refrangibiiity, whereby thofe of each n i 
which at their reflexion from the Plate or Bubbl ^ 
intermixed with thofe of other orders, are f en e are 
from them by refradion,and affociated together 
become vifibleby themfelves like Arcs of Circles 
if the rays were all alike refrangible, *tis impoffib! P f . 0r 
the whitenets, which to the naked fence appears ! ■ 
form, fhould by refraftian have its parts tranfnnfM j 
ranged into thofe black and white Arcs. ^ ai ^ 
it appears alfo that the unequal refra&ions of d‘f 
form rays proceed not from any contingent irresulari 
ties; luch as are veins, an uneven polifli, or fortuitous 
pofition of the pores of Glafs ; unequal andcafual J 
ttons m the Air oriEtfaer ; the fpreading, breaking, U 
dividing the fame ray into many diverging parts or 
the like. For, admitting any fuch irregularities, it would 
be impomble for refractions to render thofe Rings fo 
very diftind , and well defined , as they do in the 
24th Obfervation. It h neceflary therefore that eve. 
17 ray have its proper and conftant degree of refran- 
gibility eonnate with k,according to which its refraction 
is ever juftly and regularly performed, and that feve- 
ral rays have feveral of thofe degrees. 

And what is laid of their refrangibiiity may be alfo 
underliood of their reflexibility, that is of their diffo- 
fitions to be reflected fome at a greater, and others at a 
Iefs tliicknefs, of thin Plates or Bubbles, namely, that 
thofe difpofitions are alfo connate with the rays, and 
immutable ; as may appear by the 13 th, 1 4th, and 

15th 
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r^th Obfervations compared with the fomth and 

elS flv h the precedent Obfervations it appears alfo, that 
whitenefsfs a diflimilar mixture of all Colours, , and that 
Light is a mixture of rays indued with all tho e - 
lours. For confidering the multitude of the Rings of 
Colours, in the 3d, iath and 24th Obfervations, it is 
manifeft that although in the 4th and 1 8th Obfei va 
tions there appear no more than eight or nine ot thole 
Rin^s-- vet there are really a far greater number, which 
fo much interfere and mingle with one another, as after 
thofe eight or nine revolutions to dilute one another 
wholly, °and coniKtute an even and fenfibly uniform 
whitenefs. And confeqnently that whkenels mu ft be 
allowed a mixture of all Colours, and the Light which 
conveys it to the Eye muft be a mixture of rays indued 
with all thole Colours. 

But further, by the a 4th Obfervation , it appears, 
that there is a conftant relation between Colours and 
Refrangibiiity, the moft refrangible rays being violet, 
the leaft refrangible red, and thofe of intermediate Co- 
lours having proportionably intermediate degrees of re- 
frangibility. And by the 1 3th, 14th and 1 5th Obfer- 
vations, compared with the 4th or 18th, there appears 
to be the fame conftant relation between Colour and 
Reflexibility, the violet being in like circumftances re- 
Med at leaft thickneffes of any thin Plate or Bubble, 
the red at greateft thicknefles , and the intermediate 
Colours at intermediate thicknefles. Whence it fol- 
lows, that the colorifique difpofitions of rays are alfo 
connate with, them and. immutable, and by confequence 

that 
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a ll r tl \ e J P r °ductions and appearances of c 0 i„ 
in the World are derived not from any phvfical ?° Urs 
caufed in Light by reflation or reflexion, but^f 
trom the various mixtures or reparations of rW 
virtue of their different Refrangibility or Reflex&tr^ 
And in this refpeft the Science of Colours Lome?* 
Speculation as truly mathematical as any other n? l 
Optiques. I mean fo far as they depend on therm 
of Light, and are not produced or altered by the do?' 
ot imagination, or by (hiking or prefling theEyei f 
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PART III. 



Of the permanent Colours of natural Bodies , and the 
Analogy between them and the Colours of thin tranf* 
parent ‘Plates. 

I Am now come to another part of this Defign, which 
is to confider how the Phenomena of thin tranfpa- 
rent Plates hand related to thofe of all other natural 
Bodies. Of thefe Bodies I have already told you that 
they appear of divers Colours, accordingly as they are 
difpofed to reflect moft copioufly the rays originally 
indued with thofe Colours. But their Conftitution^ 
whereby they reflect fome rays more copioufly than 
others, remains to be difcovered, and thefe I (hall en- 
deavour to manifefl in the following Propofitions. 
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PROP. I. 
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that is^ which intercede mediums that differ mop l n ^ - 
refractive denfities. And in the confines of eq h fii 
framing mediums there is no reflexion. 

The Analogy between reflexion and refra&ion w'll 
appear by confidering, that when Light paffeth 0 b 
liquely out of one medium into another which refraft" 
from the perpendicular, the greater is difference of 
their refractive denfify, the lefs obliquity is requifit 
to caufe a total reflexion. For as the Sines are which 
meafure the refraction, fo is the Sine of incidence a* 
which the total reflexion begins, to the radius of the 
Circle, and confequently that incidence is leaft where 
there is the greateff difference of the Sines. Thus in the 
paffing of Light out of Water into Air, where the 
refraCtion is meafured by the Ratio of the Sines 3 to 1 
the total reflexion begins when the Angle of incidence 
is about 48 degrees 3 5 minutes. In paffing out of Glafs 
into Air, where the refraCtion is meafured by the Ratio 
of the Sines 00 to 31, the total reflexion begins when 
the Angle of incidence is 40 deg. 10 min. and fo b 
paffing out of cryftal, or more ftrongly refraffing me* 
diums into Air, there is ffill a lefs obliquity requifite 
to caufe a total reflexion. Superficies therefore which 
refraCt moft do fooneft reflect all the Light which is in- 
cident on them, and fo muff be allowed moft ftrongly 
reflexive. 



But 



J 

Rut the truth of this Proportion will further appear 
, “; n „ that in the fuperficies interceding two 

dnfparent mediums, fuch as are (Air, Water, Oyh om- 
raon-Glafs, Cryftal, Metallioe : Glaffes, Ifland-Glaflfes, 
white tranfparent Arfnick, Dtamonds, 1 *. J the re- 
flexion is ftronger or weaker accordingly, as the fuper 
ficies hath a greater or lefs refrafling power. For in 
the confine of Air and Sal-gemm ’tis ftronger than in 
the confine of Air aiid Water, and ftill ftronger in the 
confine of Air and Common-Glafs or Cryftal, and ftronger 
in the confine of Air and a Diamond. 11 miy of thele,and 
fuch like tranfparent Solids, be immerged in Water, its 
reflexion becomes much weaker than before, and ftill 
weaker if they be immerged in the more ftrongly re- 
framing Liquors of well-re&ified oyl of Vitriol or fpirit 
of Turpentine. IfWater be diftinguiflied into two parts, 
by any imaginary furface, the reflexion in the confine 
of thofe two parts is none at all. In the confine of Wa- 
ter and Ice ’tis very little, in that of Water and Oyl ’tis 
fomething greater, in that of Water and SaLgemm. ftill 
greater, and in that of Water and Glafs, or Cryftal, or 
other denfer fubftances ftill greater, accordingly as thofe 
mediums differ more or lefs in their retracting powers. 
Hence in the confine of Common-Glafs and Cryftal, 
there ought to be a weak reflexion, and a ftronger re- 
flexion in the confine of Common and Metalline- Glafs, 
though I have not yet tried this. But, in the confine of 
two Glaffes of equal denfity, there is not any fenfible re- 
flexion, as was (hewn in the firft Obfervation. And 
the fame may be underftood of the fuperficies interce- 
ding two Cryftals, or two Liquors, or any other Sub- 
trees in which no refra&ion is caufed. So then the 

a >reafon 
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reafon why uniform pellucid mediums, (f uc h as w 
Glafs, or Cryftal) have no fenfible reflexion 
their external fuperficies, where they are ad in 111 
other mediums of a different denfity, is bejw* 1 ? 
their contiguous parts have one and the fame 5 1 
of denfity. ne ae gtee 

PROP. II. 

The leaf parts of almofl all natural Bodies are in f 
meafure tranf parent : And the opacity of thole U ? 
anfeth from the multitude of reflexions caufed it th/ ^ 
ternal Barts. 1 ** 

That this is fo has been obferved by others n,u 
will eafily be granted hy them that have been comer- 
Pant with Mifcrofcopes. And it may be alfo trved L 
applymg any fubftance to a Hole through which f 0l » 
Higlit is immitted into a dark room. For how orake 
foever that fuhftance may feem in the open Air it will 
by that means appear very manifeftly tranfparent if 
it be of a fufficient thinnefs' Only white metafefi 
dies muft be excepted, which by reafon of their excel- 
five denfity feem to reflea almoft all the Light inci- 
dent on their firft fuperficies , unlefs by folution in 
menftruums they be reduced into very finall particles, 
and then they become tranfparent. 

PROP. III. 

Between the parts of opake and coloured Bodies m 
many f paces j either empty or replenijhed , with mediums 
of other densities j as W^ater between the tinging twpufcfa 
wherewith any Liquor is impregnated , Air between tk 



0 -l l} fades that confiitute Clouds or Mzfls ; and for 
TZifitn (faces void of loth Atr and Water, but yet 
$$$ Jolly void of all ftdfianee, between the farts 

^ The truth of this is evinced by the two precedent 
Propofitions : For by the fecond Propofition theie ai 
many reflexions made by the internal parts of Bodies,, 
which, by the firft Propofition, would not happen 
the carts of thole Bodies were continued without any 
fuch inferftices between them, becaule reflexions aie 
caufed only in fuperficies, which intercede mediums o . 

a differing denfity by Prop. r. t , . . 

But further, that this difcontmuity of parts is the 
principal caul'e of* the opacity of Bodies,, will appear by 
confidering, that opake fubftances become tranfparent 
by filling their pores with any fubftance of equal or al- 
jnofi equal denfity with their parts. Thus Paper dip- 
ped'in Water or Oyl, the Oculrn mundi Stone fteep’d in 
Water, Linnen-cloth oyled or varnifhed, and many other 
fubftances foaked in fuch Liquors as will intimately 
pervade, their little pores, become by that means more 
tranfparent than otherwife ; fo, on the contrary, the. 
moft tranfparent fubftances may by evacuating their 
pores, or feparating their parts, be rendred fufhciently 
opake, as Salts or wet Paper, or the Oculrn mmdi Stone 
by being dried, Horn by being feraped, Glafs by being 
reduced, to powder, or otherwife flawed, Turpen- 
tine by being ftirred about with Water till they mix 
imperfectly , and Water by being formed into many 
finall Bubbles, either alone in the form of froth, or 
by fhaking it together with Oyl of Turpentine , or 
with fome other convenient Liquor, with which it will 






[54] 

not perfectly incorporate. And to the increafe of t\ 
opacity of thefe Bodies it conduces fomething, that K 
the a 5th Obfervation the reflexions of very thin tra r 
parent fubftances are confiderably ftronger than thr 
made by the fame fubftances of a greater thicknefs. 



PROP. IV. 



The farts of Bodies and their Interfiles mufi not k 
lefs than of feme definite bignefs^ to render them ogake and 

For the opakeft Bodies , if their parts be fubtilv 
divided, (as Metals by being diflolved in acid men- 
ftruums, &c.) become perfectly tranfparent. And you 
may alio remember, that in the eighth Obfervation 
there was no fenfible reflexion at the fuperficies of 
the Obje£fc-Gla fifes where they were very near one 
another, though they did ndt abfolutely touch. And 
in the 1 7th Obfervation the reflexion of theWater-bubble 
where it became thinneft was almoft infenfible, foas 
to caufe very black Spots to appear on the top of the 
Bubble by the want of reflected Light. 

On thefe grounds I perceive it is that Water, Salt, 
Glafs, Stones, and fuch like fubftances, are tranfparent. 
For, upon divers considerations, they feem to be as full 
of pores or interftices between their parts as other Bo- 
dies are, but yet their parts and interftices to be too 
fmall to caufe reflexions in their common furfaces. 



PROP; 
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PROP. V. 

The tranfparent parts of Bodies according to their je- 
Jal fizes Lji reflea rays of one Colour, mdtranfmit 
Me of mother, on the fame grounds that thin Tlates or 
Bubbles do refiefi or tranfmit thofe rays. And this I take 

to be the around of all their Colours. .... c 

For if a thin’d or plated Body, which being 0 an 
even thicknefs, appears all over of one uniform Co- 
lour, fhould.be flit into threds, or broken into frag- 
ments, of the fame thicknefs with the plate; I fee no 
reafon why every thred or fragment fhould not keep its 
Colour, and by coniequence why a heap of thofe threds 
or fragments fhould not conftitute a mais or powder of 
the lame Colour, which the plate exhibited before it 
was broken. And the parts of all natural Bodies being 
like fo many fragments of a Plate, muft on the fame 
grounds exhibit the fame Colours. 

Now that they do fo, will appear by the affinity of 
their properties. The finely coloured Feathers of fome 
Birds, and particularly thofe of Peacocks Tails, do in 
the very fame part of the Feather appear of feveral Co- 
lours in feveral pofitions of the Eye, after the very lame 
manner that thin Plates were found to do in the 7th 
and 19th Obfervations , and therefore arife from the 
thinnefs of the tranfparent parts of the Feathers ; that 
is, from the flendernefs of the very fine Hairs, or Cafilla ~ 
menta, which grow out of the fides of the grofifer late- 
ral branches or fibres of thofe Feathers. And to the 
ame puipole it is, that the Webs of fome Spiders by 

being 








[$<S] 

being fpun very fine have appeared coloured, as f om 
have obferved, and that the coloured fibres of fome fill, 5 
by varying the pofition of the Eye do vary their Co $ 
lour. Alfo the Colours of filks, cloths, and other fob 
ftances, which Water or Oyl can intimately penetrate* 
become more faint and obfcure by being immerged i ’ 
thofe liquors, and recover their vigor again hy\£fa 
dried, much after the manner declared of thin Bodies 
in the ioth and aith Obfervations. Leaf-gold, fo^ 
forts of painted Glafs, the infufion of Lignum LTephri. 
ticum , and fome other fubftances refled one Colour 
and tranfmit another, like thin Bodies in the 9th and 
20th Oblervations. And fome of thofe coloured pow- 
ders which Painters ufe, may have their Colours a little 
changed, by being very elaborately and finely ground 
Where I fee not what can be juftly pretended for thofe 
changes, befides the breaking of their parts into Jefs 
parts by that contrition after the fame manner that the 
Colour of a thin Plate is changed by varying its .thick- 
nefs. For which realon alfo it is that the coloured flowers 
of Plants and Vegetables by being bruifed ufually be- 
come more tranfparent than before, or at leaf! in fome 
degree or other change their Colours. Nor is it much 
lefs to my purpofe, that by mixing divers liquors very 
odd and remarquable produdions and changes of Co- 
lours may be effected, of which no caufe can be more 
obvious and rational than that the faline corpufoles of 
one liquor do varioufly ad upon or unite with the 
tinging corpufcles of another, fo as to make them fwell, 
or fhrink (whereby not only their bulk but their den- 
fity alfo may be changed ) or to divide them into 
fmaller corpufcles, (whereby a coloured liquor may 

come 
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come tranfparent) or to make many of them allocate 

So one duller, whereby two tranfparent liquors may 
compofe a coloured one. For we fee how apt thofe 
faline menftruums are to penetrate and dilTolve fub- 
ftances to which they are applied, and iome of them 
to precipitate what others diffolve. In like manner, 1 
we confider the various Phenomena of the Atmofphmre, 
we may obferve, that when Vapors are firft raifed, they 
hinder not the tranfparency of the Air, being divided 
into parts too finall to caufe any reflexion in their luper- 
ficies. But when in order to compofe drops of rain they 
begin to coalefce and conftitute globules of all inter- 
mediate fizes, thofe globules when they become of a 
convenient fize to refled fome Colours and tranfmit 
others, may conftitute Clouds of various Colours accor- 
ding to their fizes. And I fee not what can be ratio- 
nally conceived in fo tranfparent a fubftance as Water for 
the produdion of thefe Colours, befides the various 
fizes of its fluid and globuler parcels. 

PROP. VI. 



The farts of Bodies on which their Colours defend 5 
are denfer than the medium , which fervades their in - 
terjlices. 

This will appear by confidering, that the Colour of 
a Body depends not only on the rays which are inci- 
dent perpendicularly on its parts, but on thofe alfo 
which are incident at all other Angles. And that ac- 
cording to the 7th Obfervation, a very little variation 
oj obliquity will change the refleded Colour where the 
thin body or fmall particle is rarer than the ambient 

^ 1 medium, 
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medium, infomuch that fuch a fmall particle will at rT 
verily oblique incidences reflea: all forts of Colours * 
fo great a variety that the Colour reflating f rom t j’ 1,1 
all, confusedly refteded from a heap of fuch partied 
mu ft rather be a white or grey than any other Colo^’ 
or at beft it muft be but a very imperfect and dirty (J 
lour. Whereas if the thin body or fmall particle 1 " 
much denier than the ambient medium, the Colours 
according to the 1 9th Obfervation are fo little changed 
by the variation of obliquity, that the rays which are 
reflected leaft obliquely may predominate over the reft 
lb much as to caufe a heap of fuch particles to appear 
very intenfly of their Colour. 

It conduces alfo fomething to the confirmation of this 
Propofition, that, according to the 22th Obfervation 
the Colours exhibited by the denfer thin body within 
the rarer, are more brifque than thofe exhibited by the 
rarer within the denfer, 

PROP. VII. 

T he bignefs of the component parts of natural Bodies 
may be conjectured by their Colours. 

For fince the parts of thefe Bodies by Prop. 5. do 
moft probably exhibit the fame Colours with a Plate of 
equal thicknefs, provided they have the lame refractive 
denfity ; and fince their parts feem for the moft part to 
have much the fame denfity with Water or Glafs, as 
by many circumftances is obvious to colled ; to deter- 
mine the fizes of thofe parts you need only have recourie 
to the precedent T ables, in which the thicknefs of’Wa- 
ter or Glyfis exhibiting any Colour is expreft'ed. Thus 
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„ ■ , ro know the Diameter of a corpufcle, 

it be^defu denfitv with Glafs (hall rdleft 

be parts of an Inch- 

TheV'eateft difficulty is here to know of what order 

1 Pnlnnr of inv Body is. And for this end we muft 
hive recourfe to the 4th and 1 8th Obfervations, from 

whence may be colleaed thefe particu ars 

Scarlets , and other reds, oranges and yellows^ they 
be pure and intenfe are moft probably of the fecond or- 
der. Thofe of the firft and third order alfo may be 
pretty good, only the yellow of the firft order is faint, 
and the orange and red of the third order have a great 
mixture of violet and blue. 

There may be good greens of the fourth order 7 but 
the pureft are of the third. And of this order the green 
of all vegitables feem to be, partly by reafon of the in- 
tenfenefs of their Colours , and partly becaufe when 
they wither tome of them turn to a greenifh yellow, 
and others to a more perfect yellow or orange, or per- 
haps to red, palling firft through all the aforefaid in- 
termediate Colours. Which changes leem to be effected 
by the exhaling of the moifture which may leave the 
tinging corpufcles more denfe, and fomething augmen- 
ted by the accretion of the oyly and earthy part of 
that moifture. Now the green without doubt is of the 
fame order with thofe Colours into which it changeth, 
becaufe the changes are gradual, and thofe Colours, 
though ufually not very full, yet are often too full and 
lively to be of the fourth order. 



Ii 2 



Blues 







[<So] 

Blues md purples may be either of the fecond or th'-j 
order, but the belt are of the third. Thus the Col 
of violets feems to be of that order, becaufe their Syr 
by acid Liquors turns red, and by urinous and aW 
zale turns green. For fince it is of the nature of AcT 
to diffolve or attenuate, and of Alcalies to predpit^ 
or incraflate, if the purple Colour of the Syrup was of 
the fecond order, an acid Liquor by attenuating its tins 
ing corpufcles would change it to a red of the fofl 
order, and an Alcaly by incraflating them would chang 
it to a green of the fecond order ; which red and green 
specially the green, feern too imperfect to be the Co 5 
lours produced by thefe changes. But if the faid p Urp j’ 
be fuppofed of the third order, its change to red of the 
fecond, and green of the third, may without any in- 
convenience be allowed. 

If there be found any Body of a deeper and lefs red- 
dilh purple than that of the violets, its Colour moft 
probably is of the fecond order. But yet their being 
no Body commonly known whofe Colour is conftantly 
more deep than theirs, I have made ufe of their name to 
denote the deepeft and leaft reddifh purples, luch as 
manifeftly tranlcend their Colour in purity. 

The blue of the firft: order , though very faint and 
little, may poffibly be the Colour of fome fubftances; 
and particularly the azure Colour of the Skys feems to 
be of this order. For all vapours when they begin to 
condenfe and coalefce into linall parcels, become lirft of 
that bignefs whereby fuch an Azure mu ft be reflected 
before they can conftitute Clouds of other Colours., And 
fo this being the firft Colour which vapors begin to 
reflect, it ought to be the Colour of thehneft, and moll 

trani- 
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r otl f Qt, vs in which vapors are not arrived to that 
"roftS require to refleQ other Colours, as we find it 

* S \ ’fhitenefs , if molt intenfe and luminous, is that of the 
fii-ft order if lefs ftrong and luminous a mixture of the 
ColoSf of feveral orders. Of this laft kind is the 
whitenefs of Froth, Paper, Linnen, and moft whue fub- 
ftances • of the former I reckon that of white ratals to 
be. For whilft the denfeft of metals, Gold, if foliated 
is tranlparent, and all metals become tranfpaien l 
diflolved in menftruums or vitrified, the opacity of 
white metals arifeth not from their denfity alone.^ 1 hey 
being lefs denfe than Gold would be more tranlparent 
than it, did not fome other caufe concur with their den* 
iity to make them opake. And this caufe I take to be 
fuch a bignefs of their particles as fits them to refiedt 
the white of the firft order. For if they be of other 
thicknefles they may reflect other Colours, as is inani- 
feft by the Colours which appear upon hot Steel in tem- 
pering it, and fometimes upon the fur face of melted 
metals in the Skin or Scoria which arifes upon them in 
their cooling. And as the white of the firft: order is 
the ftrongeft which can be made by Plates of tranfparent 
fubftances, fo it ought to be ftronger in the denfer fub- 
ftances of metals than in the rarer of Air, Water and 
Glafs. Nor do I fee but that metallic fubftances of fuch 
a thicknefs as may fit them to reflect the white of the 
firft order, may, by reafon of their great denfity (accor- 
ding to the tenourof the firft of thefe Propofitions) re* 
fle£t all the Light incident upon them, and fo he as 
opake andjplendent as its poffible for any Body to be. 
Gold, or Copper mixed with lefs than half their weight 
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of Silver, or Tin, or Regulus of Antimony, i n 
or amalgamed with a very little Mercury become whit ! 
which Thews both that the particles of white metah 
have much more fuperficies, and foare fmaller th a $ 
thofe of Gold and Copper, and alfo that they are r 
opake as not to fuffer the particles of Gold or Copp er t ° 
fhine through them. Now it is fcarce to be doubted* 
but that the Colours of Gold and Copper are of the fe! 
cond or third order, and therefore the particles of white 
metals cannot be much bigger than is requifite to make 
them reflect the white of the firft order. The volati- 
lity of Mercury argues that they are not much bigger 
nor may they be much lefs, lead they lofe their opacity’ 
and become either tranfparent as they do when attenua- 
ted by vitrification, or by folution in menftruums, or 
black as they do when ground fmaller, by rubbing Sil- 
ver, or Tin, or Lead, upon other fubftances to drawback 
Lines. The firit and only Colour which white metals 
take by grinding their particles fmaller is black, and 
therefore their white ought to be that which borders 
upon the black Spot in the center of the Rings of Co- 
lours, that is, the white of the firft order. But if you 
would hence gather the bignefs of metallic particles, 
you iliuft allow for their denfity. For were Mercury 
tranfparent, its denfity is fuch that the Sine of inci- 
dence upon it (by my computation) would be to the 
fine of its refraction, as 71 to a o, or 7 to 2. And 
therefore the thicknefs of its particles, that they may 
exhibit the lame Colours with thofe oi Bubbles of Wa- 
res, ought to be lels than the thicknefs of the Skin of 
thofe Bubbles in the proportion of 0 to 7. Whence 
its poffible that the particles of Mercury may be as little 
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- f he articles of fome tranfparent and volatile fluids, 
a s the pai w hite of the firft order. 

the produdion of Mach, the corpufcles 
^ be left than any of thofe which exhibit Colours, 
ret ail greater fixes there is too much Light refle- 
L‘| » conftitute this Colour. But if they be fuppo- 
fWlitde left than is requifite to reflea the white and 
«rv faint blue of the firft order, they will, according 
m the 4th 8th, 17th and 18th Oblervations, refled 
lb very little as to appear intenfly black, and yet may 
perhaps varioufly refold it to and fro within them- 
fives fo long, until it happen to be Med and loft, 
by which means they will appear black in all pofitions 
of the Eve without any tranfparency. And trom hence 
may be underftood why Fire , and the more tubtile 
diflolver Putrefaction, by dividing the particles or lub- 
ftances, turn them to black , why fmall quantities oi 
black fubftances impart their Colour very freely and in- 
tently to other fubftances to which they are applied ; 
the minute particles of thefe, by reafon of their very 
great: number, eafily overfpreading the grofs particles 
of others ; why Glafs ground very elaborately with 
Sand on a copper Plate, ’till it be well polifhed, makes 
the Sand, together with what is worn off from the Glafs 
and Copper., become very black : why black fubftances 
do fooneft of all others become hot in the Sun’s Light 
and burn, (which effeCt may proceed partly from the 
multitude of refractions in a little room, and partly 
from the eafy commotion of fo very fmall corpufcles;) 
and why blacks are ufually a little inclined to a bluilh 
Colour. For that they are fo may be feen by illumina* 
ting white Paper by Light reflected from black lub- 







[<%] 

fiances. Foe the Paper will ufually appear of u 
white; and the reafon is, that black borders 3 ° ^ 
obfeure blue of the firft order deferibed in t ! ° U ^ 
Obfervation, and therefore reflects more rays 
Colour than of any other. v or 

In thefe Defcriptions I have been the more cart-- 
lar, becaufe it is not impoffible but that Mifcrof * 
may at length be improved to the difeovery of 0 ? 
particles of Bodies on which their Colours depend * 
they are not already in fome meafure arrived to that/ 
gree of perfection. For if thofe Inftruments are or ^ 
be fo far improved as with Sufficient diftinftnefs t n ^ 
prefent Objeds five or fix hundred times bigeer th' 
at a Foot diftance they appear to our naked Eve/? 
lhould hope that we might be able to difeover foL’ f 
the greateft of thofe corpufcles. And by one that would 
magnify three or four thoufand times perhaps t/J! 
might all be difeovered^but thofe which produce black- 

nets. In the mean while I lee nothing material in this 

Difcourfe that may rationally be doubted of excepting 
this rontion, That tranfparent corpufcles of the fame 
thicknefs and. denfity with a Plate, do exhibit the fame 
Colour. And this I would have underfiood not with- 
out fome latitude, as well becaufe thofe corpufcles may 
be of irregular Figures, and many rays muft be oblique- 
ly incident on them, and lo have a fhorter way through 
them than the length of their Diameters, as becaufe the 
ftiaitnefs of the medium pent in on all fides within fuch 
coi pufcles may a little alter its motions or other qua- 
lities on which the reflexion depends. But yet I can- 
not much fufpedt the laft, becaufe I have obferved of 
Pome lmall Plates of Mulcovy-Glafs which were of an 



even 
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MI1 t u : c knefs, that through a Mifcrofcope they have 
smeared of the fame Colour at their edges and cpr- 
S where the includedmedium was terminated, which 
thev appeared of in other places. However tt will add 
much to oat fatis&ftion, if thofe corpufcles could be dif- 
eovered with Mifcrofcopes ; which if we (hall at leng h 
attain to, 1 fear it will be the utmoft improvement o 
this fenfe. For it feems impoffible to fee the more le- 
cret and noble works of nature within the coipuicles 
by reafon of their tranfparency. 



c j fhe caufe of Reflexion is not the impinging of Light on 
the folid or imgerviow parts of Bodies , as is commonly be* 
Ueved. 

This will appear by the following Confederations. 
Firft, That in the paflage of Light out of Glafs into 
Air there is a reflexion as ftrong as in its paflage out of 
Air into Glafs, or rather a little ftronger, and by many 
degrees ftronger than in its paflage out of Glafs into 
Water. And it feems not probable that Air fhould have 
more reflecting parts than Water or Glafs. But if that 
fhould poffibly be fuppofed, yet it will avail nothing ; 
for the reflexion is as ftrong or ftronger when the Air is 
drawn away from the Glafs, ( fuppofe in the Air-pump 
invented by Mr. Boyle ) as when it is adjacent to it. 
Secondly, If Light in its paffage out of Glafs into Air 
be incident more obliquely than at an Angle of 40 or 
41 degrees it is wholly reflected, if lefs obliquely it is 
in great meafure tranfmitted. Now it is not to be ima- 
gined that Light at one degree of obliquity fhould meet 

^ k with 
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with pores enough in the Air to tranfmit the pm, 
ff it, and at anotjw 1 * Artiee* nf s. ter 

tneet with nothing but 



part of it, and at another degree of obliquity jj 
tneet with nothing but parts to reded it wholly e p 
cially confidering that in its paffage out of Air 

— i * * t ^ into 



Glafs , how oblique foever be its incidence it 
pores enough in the Glafs to tranfmit the greateftw ? 
of it- If any Man fuppofe that it is not reflected byth 
Air, but by the outmoft luperficial parts of the Gj a r 
there is ftill the fame difficulty : Belides, that fu c {j ^ 
Suppofition is unintelligible, and will alfo appear to he 
falfe by applying Water behind fome part of the Glafs 
inftead of Air. For fo in a convenient obliquity 0 f t | le 
rays fuppofe of 45 or 46 degrees, at which they are all 
reneded where the Air is adjacent to the Glafs they 
fhall be in great meafure tranfmitted where the Water 
is adjacent to it; which argues, that their reflexion 
or tranfrniffion depends on the conftitution of the Air 
and Water behind the Glafs, and not On the linking 
off the rays upon the parts of the Glafs. Thirdly ]f 
the Colours made by a Prifm placed at the entrance of 
a beam of Light into a darkened room be fucceflivelv 
ckft oh a fecond Prifm placed at a greater diftance from 
the former, in filch manner that they are all alike inci- 
dent upon it, the fecond Prifm may be fo inclined to 
the incident rays, that thofe which are of a blue Colour 
fhall be all reflected by it, and yet thofe of a red Colour 
ptefty copioufly tranfmitted. Now if the reflexion be 
ckiifed by the parts of Air or Glafs, 1 would a'sk, Why 
at the fame obliquity of incidence the blue Ihould wliof 
ly impinge on thofe parts fo as to be all refleded, and 
yet the red find pores enough to be in great meafure 
tranfmitted. Fourthly, where two Glades touch one 

another. 
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hp .. .here is no fenfible reflexion as was declared 

Obfervation ; and yet I fee no reafon why 
in the tult UD the parts of Glafs as 

th£ ^l^rLtffup“ P to g other Glafs as when, con- 
ff uc t Fifthly, When the top of a Water- 

ffie ( n the " 7 th Oblation) by the continual fub- 
fidinaand exhaling of the Water grew very thin, there 
was fuch a little and almoft infenfible quantity of Light 
refleaed from it, that it appeared intently blacx; where- 
as round about that black Spot, where the Water was 
thicker, the reflexion was io ftrong as to make the 
Water feem very white. Nor is it only at the lean: 
thicknefs of thin Plates or Bubbles, that there is no 
manifeft reflexion, but at many other thicknefies con- 
tinually greater and greater. For in the 15th Obfer- 
vation the rays of the fame Colour were by turns tranf- 
mitted at one thicknefs, and reflected at another thick- 
nefs, for an indeterminate number of fucceffions. And 
yet in the fuperficies of the thinned Body, where it is 
of any one thicknefs, there are as many parts for the 
rays to impinge on, as where it is of any other thick- 
nefs. Sixthly, If reflexion were caufed by the parts of 
reflecting Bodies, it would be impoffible for thin Plates 
or Bubbles at the fame place to reflect the rays of one 
Colour and tranfmit thofe of another, as they do accor- 
ding to the 13 th and 15 th Obfervations. For it is 
not to be imagined that at one place the rays which 
for inftance exhibit a blue Colour, ffiould have the for- 
tune to dafh upon the parts, and thofe which exhibit 
a red to hit upon the pores of the Body ; and then at 
another place, where the Body is either a little thicker, 
or a little thinner, that on the contrary the blue fhould 

K k a hit 
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Hit upon its pores, and the red upon its parts, T a. 
were the rays of Light receded by impinoina -7* 
folid parts of Bodies, their reflexions from polifhed ft 
dies could not be fo regular as they are. For 
lifhing Glafs with Sand, Putty or Tripoly, it i s n J 30 ' 
be imagined that thofe fubftanees can by gratino T ? 
fretting the Glafs bring all its leaft particles to 
curate polifh • fo that all their furfaces fhall be 
plain or truly fpherical, and look all the fame wav r 
as together to compofe one even furface. The fmall ° 
the particles of thole fubftanees are, the fmalier 
be the fcratches by which they continually fret and wea 
away the Glafs until it be polifhed, but be they never 
fo fmall they can wear away the Glafs no otherwife 
than by grating and fcratching it, and breaking the 
proturberances , and therefore polifh it no otherwife 
than by bringing its rough nefs to a very fine Grain fo 
that the fcratches and frettings of the furface become 
too fmall to be vifible. And therefore if Light were 
reflected by impinging upon the folid parts of the Glafs 
it would be fcattered as much by the moft polifhed 
Glafs as by the rougheft. So then it remains a Fro> 
blem, how Glafs polilhed by fretting fubftanees can re- 
fled Light fo regularly as it does. And this Problem 
is fcarce otherwife to be folved than by faying, that 
the reflexion of a ray is effected, not by a fingle point of 
the refleding Body, but by fome power of the Body 
which is evenly diffufed all over its furface, and by 
which it ads upon the ray without immediate contad 
For that the parts of Bodies do ad upon Light at a df 
ftance fhall be Ihewn hereafter, 

Now 
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Mow if Light be refleaed not by impinging on the 
(Mil mrts otBodies, but by fome other principle ; its 
I El th.,t as manv of its rays as impinge on the 
IblhTparts of Bodies are not refleaed but ftifled and 
kft hfthe Bodies. For otherwife we muft allow two 
forts of reflexions. Should all the rays be refleCtec w uc 1 
impinge on the internal parts of clear Water or Civftal, 
thofe fubftanees would rather have a cloudy Colour 
than a clear tranlparency. To make Bodies look black, 
its neceflary that many rays be ftopt, retained and loit 
in them, and it feems not probable that any rays can 



their parts. . 

And hence we may underftand that Bodies are much' 
more rare and porous than is commonly believed. Wa- 
ter is 19 times lighter, and by confequence 19 times 
rarer than Gold , and Gold is fo rare as very readily 
and without the leaft oppofition to tranfmit the mag- 
netick Effluvia, and eaiily to admit Quick-filver into 
its pores, and to let Water pafs through it. For a con- 
cave Sphere of Gold filled with Water, and fodered up, 
has upon prefling the Sphere with great force, let the 
Water fqueeze througli it, and ftand all over its out- 
fide in multitudes of fmall Drops, like dew, without 
burfting or cracking the Body of the Gold as I have 
been informed by an Eye-witnefs. From all which we 
may conclude, that Gold has more pores than folid 
parts, and by confequence that Water has above forty r 
times more pores than parts. AncLhe that fhall find out 
anHypothefis, by which Water may be fo rare, and yet 
not be capable of compreflion by force, may doubtiefs 
by the fame Hypotheiis make Gold and Water, and all 



other 
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other Bodies as much rarer as he pleafes, f 0 that t • , 
■™y find a read y P a %e through tranfparent f^' 

PROP. IX. 



ante 



Bodies reflect and refratt Light by one and the f 
power yanoufiy exercifed in various circumftances ^ 
This appears by ieveral Cpnfiderations. Fii-ft p 
caufe when Light goes out of Glafs into Air as T 
liquely as it can poffibly do, if its incidence be marf 
Hill more oblique, it becomes totally reflected F 
the power of the Glafs after it has refolded theLighJ 
as obliquely as- is poffible if the incidence be ftillmade 
more oblique, becomes too ftrong to let any of its rar 
go through, and by confequence caufes total reflexions 1 
Secondly , Becaufe Light is alternately reflected and 
tranlmitted by thin Plates of Glafs for many fucceffions 
accordingly , as the thicknefs of the Plate increafes 
m an arithmetical Progreffion. For here the thicknefs 
of the Glals determines whether that power by which 
Glafs ads upon Light fhall caufe it to be reflefted or 
fuffer it to be tranlmitted. And, Thirdly, becaufe thofe 
furflices of tranfparent Bodies which have the greateft 
refraaing power, refled the greateft quantity of Light, 
as was fhewed in the.firft Propofition. 

PRO P. X. 

If Light be fwifter tn Bodies than m Vacuo in the 
proportion of the Sines which meafure the refraSion of the 
Boases, the forces of the Bodies to re field and refraB Light, 

are 
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nearli proportional to the denfities of the fame 
e p ting that unUuom and fulpbureom Bodies re - 
than others of this fame denfity- ^ 
reprefent the refrading plane furlace of any 

obliquely upon the 



Body in C, fo that the Angle ACI may be infinitely 
little, and let CR be the refraded ray. From a given 
point B perpendicular to the refolding furface ered 
BR meeting with the refraded ray CR in R, and if 
GR reprefent the motion of the refraded ray, and this 
motion be diftinguifhed into two motions CB and BR, 
whereof C B is a parallel to the refrading plane, and 
BR perpendicular to it : CB fhall reprefent the motion 
of the incident ray, and BR the motion generated by 
the refradion, as Opticians have of late explained. 

Now if any body or thing in moving through any 
fpace of a giving breadth terminated on both fides by- 
two parallel plains, be urged forward in all parts of 
that fpace by forces tending diredly forwards towards 
the laft plain, and before its incidence on the firft. 
plane, had no motion towards it, or but an infinitly 
little one ; and if the forces in all parts of that fpace, 
between the planes be at equal diftances from the planes 
equal to one another, but at feveral diftances be bigger 
or lefs in any given proportion, the motion generated-, 
by the forces in the whole paftage of the body or thing 

through 
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through that fpace fhall be in a fubduplicate prcmnrt’ 
of the forces, as Mathematicians will eatily underft ? 
And therefore if the fpace of activity of the refraft^' 
fuperficies of the Body be confidered as fuch a f T® 
the motion of the ray generated by the reffa&ing f ’ 
of the Body , during its paflage through that fof 2 
that is the motion BR muft be in a fubdupli e 
proportion of that refracting force : I fay therefore tiT 
the fquare of the Line BR, and by conference th 
refracting force of the Body is very nearly as the den 
fity of the fame Body. For this will appear by the fol 
lowingTable, wherein the proportion of the Sines which 
meafurc the refraxions of feveral Bodies, the fq Uare 
of BR fuppofing CB an unite, the d entities of the 
Bodies eftimated by their fpecifick gravities, and their 
refractive power in refpeCt of their denfities are fet 
down in feveral Columns. 



The 
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The refracting Bodies. 



yellow Light. 



A Pfeudo-Topazius, be- 



a yellow Colour 
Air 

Glafs of Antimony 
A Selenitis 
Glafs vulgar 
Cryftal of the Rock 
Bland Cryftal 
Sal Gemma 
Aiume 
Borax 

Niter . ; " 

Dantzick Vitriol 
Oyl of Vitriol 
Rain Water 
Gumm Arabic 
Spirit of Wine well refti 
fied 

Campiiire 
Oyi Olive 
Lintfeed Oyl 
Spirit of Turpentine 
Ambar 
A Diamond 
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21 


100 to 
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14 to 


9 


100 to 
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A The Square of 
f B R, to which 
i the refracting 
c force of the Bo. 
dj is proper- 
tiomte* 


'The denfitj 
1 and fpeci • 
■. ft c gravitj 
. of the Bo 

■ 4 


)The refrd- 
. ctive power 
y of the Body 
■ m refpeffi 
of its den- 

fiy* 


. 1M99 


4*27 


3919 1 


I 0 , 000 5 2 


0*001 2 5 


416° 


2*568 


5*28 


4864 


1*213 


2*252 


5386 


1*402 5 


2*58 


M3 6 


1*445 


2*65 


545 ° 


1*778 


2*72 


6536 


1*388 


2*143 


' 6477 


1*1267 


1*714 


6570 


i’i 511 


1*714 


67 16 


*’345 


1 9 


7°79 


1*295 


1*715 


'7 5 5 1 


1*041 


i’ 7 - 


.6124 


0*7845 


1. 


7845 


1 179 


**375 


8574 


1 0*8765 


o’866 


10121 


^ 2 5 


0*996 


12551 


1 1 511 


° 9*3 


12607 


i’i 948 


0*932 


12819 


1*1626 


0*874 


13222 


1*42 


1*04 


13654 


4*949 


3*4 . i 


14556 



The refraCtion of the Air in this Table is determined' 
by that of the . Atmofphere obferved by Aftronomers.. 
For if Light pals through many refracting fubftances on 
mediums gradually denier and denier, and terminated 

C 1 with 
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with parallel furfaces, the fumm of all the refh,* 
will be equal to the {ingle refraction which itv i 
have fullered in palling immediately out of 
medium into the la lb And this holds true thou h ^ 
number of the refracting fubftances be increafed & • 
nity, and the diftances from one another as much ? * 
creafed, fo that the Light may be refra&ed i n ev de ' 
poipt of its paffage, and by continual refractions 
into a curve Line. And therefore the whole refafr 
of Light in paffing through the Atmofphere f rom J? 11 
higheft and rareft part thereof down to the loweft a j 
den fell part, muft be equal to the refraCtion which ft 
would i'uffer in paffing at like obliquity out of a v 
cuum immediately into Air of equal denlity with that 
in the loweft part of the Atmofphere. 

Now, by this Table, the refractions of a Pfeudo-To 
P a . z > a Selenitis, Rock Cryftal, Ifland Cryftal, VuIaJ 
trials ( that is, Sand melted together ) and Glafs of 
Antimony, which are terreftrial ftony alcalizate con. 
cretes,and Air which probably arifes fromfuch fubftances 
by fermentation, though thefe be fubftances very differing 
from one another in denlity, yet they have their refn£ 
Clive powers almoft in the fame proportion to one ano- 
ther as their denlities are, excepting that the refraction of 
that ftrange fubftance liland-Cryftal is a little bigger 
than the reft. And particularly Air, which is 3 400 times 
rarer than thePleudo-Topaz, and 4000 times rarer than 
Glafs of Antimony, has notwithftanding its rarity the 
lame refractive power in refpeCt of its denlity which 
thofe two very denfe fubftances have in refpeCt of theii*s, 
excepting fo Far as thofe two differ from one another. 

Again, 




Oyl'Olive, Lint 



A . ain the refraaion of Caraphire, Oyl-Ohve, l.mt- 
Again, . ,,f Turpentine and Amber, which are 
f ~nauous P Bodies, and a Diamond, which 

nrobablv isan unauous fubftance coagulated, have heir 
fefraaive power, in proportion to one another as the* 
dentes without any confiderable variation. But the 
refraaive power of thefe unauous fubftances is two 
or three times greater in refpea of their denlities than 
the refraaive powers of the former fubftances in refpea 

Walter has a refraaive power in a middle degree be- 
tween thofe two forts of fubftances, and probably is of 
a middle nature. For out of it grow all vegetable and 
animal fubftances, which confift as well of fulphureous 
fat and inflamable parts, as of earthy lean and alcali- 




and accordingly are com poled ot thole two forts of fub- 
ftances. For by diftillation and rectification of their 
Spirits a great part of them goes into Water, and a great 
part remains behind in the form of a dry fixt earth ca- 
pable of vitrification. 

Spirit of Wine has a refraCtive power in a middle 
degree between thofe of Water and oyly fubftances, and 
accordingly feems to be compofed of both, united by 
fermentation ; the Water, by means of fome laline Spi- 
rits with which ’tis impregnated, diffolving the Oyl, 
and volatizing it by the aCtio 11. For Spirit of Wine is 
inflamable by means of its oyly parts, and being diftil- 
led often from Salt of Tartar, grows by every distilla- 
tion more and more aqueous and flegmatick. And 

L 1 a Chymifts 





[7<n 

Chymifts obferve, that Vegitables (as Lavender t> 
Marjoram, &c.) diftilled per fe , before fel ’ ' K 
yield Oyls without any burning Spirits, but afte/f 0 ” 
mentation yield ardent Spirits without Oyls • Wi • 
ihew s , that their Oyl is by fermentation converted W 
Spirit. They find alfo, that if Oyls be poured in fi S 
quantity upon fermentating Vegetables, thev diftlt 
after fermentation in the form of Spirits. J ° Ver 

So then, by the foregoing Table, all Bodies f eem 
have their refractive powers proportional to tir° 
denfities,, ( or very nearly ; ) excepting fo far as £ 
partake more or lei's of fulphurous oyly particles 
thereby have their refractive power made greater or 
left. Whence it feems rational to attribute the refra- 
ctive power of all Bodies chiefly, if not wholly to the 
fulphurous parts with which they abound. For it’s 
probable that all Bodies abound more or lefs with Sul- 
phurs. And as Light congregated by a Burning-gfafs 
aCts mold upon fulphurous Bodies, to turn them in. 
to fire and flame ; fo, fince all aCtion is mutual, Sul- 
phurs ought to aCt moft upon Light. For that the 
aCtion between Light and Bodies is mutual, may appear 
from this Confideration, That the denfeft Bodies which 
refraCt and refleCt Light moft ftrongly. grow hotteft in 
the Summer^Sun, by the aCtion of the refraCted or re- 
flected Light, 

I have hitherto explained the power of Bodies to re> 
fleCt and refraCt, and fhewed, that thin tranfparent 
plates, fibres and particles do, according to their leveral 
thickneffes and denfities, refleCt feveral forts of rays, 
and thereby appear of feveral Colours, and by code- 
quence that nothing: more is requifite for producing all 

die 



> 




the Colours of natural - 
denfities of their tranlparent pa 
is that thefe plates, fibres an 
to their feveral thickneffes and ■ 

forts of rays, I have not yet ex; 

infight into this matter and m 
ding the next Part of this Bool 
Part with a few more Propo^ 
ceded refpeCt the nature of Bod 
Light : For both muft be unde: 
of their aCtions upon one anoth< 
becaufe the laft Propofition de 
city of Light, I will begin wil 
kind. 



PROP. XL 




Zjioht is propagated from luminous "Bodies in time , and 
m £ about feven or eight minutes of an hour in faffing, 
rm the Sun to the Earth, 

This was obferved firft by Rcmer, and then by others, 

' means of the Eclipfes of the Satellites of j fupiter, 
> r thefe Eclipfes, when the Earth is between the Sun 
d Jupiter, happen about feven or eight minutes fooner. 








[ 78 ] 

to the pofition and diftance of the Earth from the q 
The mean motions of Jupiter* s Satellites is alio L;£ n ’ 
in his defcent from his Aphelium to his Perihel' ^ 
than in his afcent in the other half of his Orb : Bu/tv’ 
inequality has no refpe£t to the pofition of the E ar ?|| S 
and in the three interior Satellites is infenfible as I Jp!{ 
by computation from the Theory of their gravity ' 

PROP. XII. 

Every ray of Light in its pajfage through any ref rci . 
Sing furface is put into a certain tranfient confiitutm 
or pate , which in the progrefs of the ray returns at 
equal intervals, and dijpofes the ray at every return 
to be eafily tranfmitted though the next refraaiw k r , 
face, and between the returns to be eafdy refleSed L 
it. " 

This is manifeft by the 5th, 9th, a 2th and 15th Ob- 
lervations. For by thole Obfervations it appears, that 
one and the fame fort of rays at equal Angles of inci- 
dence on any thin tranfparent plate, is alternately refle- 
cted and tranfmitted for many fucceflions accordingly, 
as the thicknefs of the plate increafes in arithmetical 
progreffion of the numbers o, 1, 0, 3, 4, 5, 6, 7, 8,§. 
fo that if the firft reflexion (that which makes the firft 
or innermoft of the Rings of Colours there defcribed) 
be made at the thicknefs r ,the rays (hall be tranfmitted at 
the thickneffes o, a, 4, 6, 8, 10, 12, and thereby 
make the central Spot and Rings of Light, which ap- 
pear by tranfmiffion, and be reflected at the thicknefs 
1 5 3 ? 5 ) 7 ? 5 V 1 1 an d thereby make the Rings which 

appear 
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...flexion. And this alternate reflexion and 
appear^by reflexion Obfervation, con- 

.Sifmiffion, aslgathe “7 *" e vi + jfll t ud e S , and by the 
tinues for above an f Boo k, for many 

the Obfervatrons m the next P«*m ^ Glafs . 

thoufands, being piopag thicknefs of the plate 

■ pute to the this aW 

SCsIo^ ted 

both the furfaces of every thin plate, becaule it de- 
pends on their diftance. By the aith Ob ervaUon, if 
either furface of a thin plate of Mufcovy-Glafs be wet- 
ted, the Colours caufed by the alternate reflexion 
and refraction grow faint, and therefore it depends on 

them both. ' _ , r c c 

It is therefore performed at the fecond furface, o 
if it were performed at the firft, before the rays ar- 
rive at the fecond, it would not depend on the ie- 

It is alfo influenced by fome aCtion or difpofition, 
propagated from the firft to the fecond, becaule other- 
wife at the fecond it would not depend on the firft. And 
this aCtion or difpofition, in its propagation, intermits 
and returns by equal intervals, becaufe in all its pro- 
grefs it inclines the ray at one diftance from the firft 
furface to be reflected by the fecond., at another to be 
tranfmitted by it, and that by equal intervals for innu- 
merable viciffitudes. And becaufe the ray is difpoled 
to reflexion at the diftances 1,5, 5, 7, 9, l2V. and to 
tranfmiflion at the diftances o, 2, 4, 6, 8, 10, )$c, ( for 
its tranfmiffion through the firft furface, is at the di- 
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is transmitted through both w 

ire he inhnifph; T Sr m 



kfs 



fiance o, and it 

ther, if their diftance be infinitely little° or much 
than i) the difpofition to be tranfmitted at the dift a . 

:? h 6^8, io, tefc. is to be accounted a return oft? 
lame difpofition which the ray firft had at the diftance 
that is at its tranfmiffion through the firft refrafiting ft, ’ 
face. All which is the thing I would prove. 

What kind of afition or difpofition this is? Whether 
it confift in a circulating or a vibrating motion of the 
ray, or of the medium, or fomething elfe ? I do not 
here enquire. Thofe that are averfe from a ft en ting t 0 
any new difcoveries, but fuch as they can explain by an 
Hypothefis, may for the prefent fuppofe, that as Stones 
by falling upon Water put the Water into an undula. 
ting motion, and all Bodies by percuffion excite vibra- 
tions in the Air; fo the rays of Light, by impinging on 
any refrafiting or reflefiting furface, excite vibrations in 
the refrafiting or reflefiting medium or fubftance, and 
by exciting them agitate the folid parts of the refrafiting 
or reflefiting Body, and by agitating them caufe theBody 
to grow warm or hot ; that the vibrations thus excited 
are propagated in the refrafiting or reflefiting medium 
or fubftance, much after the manner that vibrations are 
propagated in the Air for caufing found, and move 
tafter than the rays fo as to overtake them; and that 
when any ray is in that part of the vibration which coil- 
ipires with its motion, it eafily breaks through a re- 
frafiting furface, but when it is in the contrary part of 
the vibration which impedes its motion, it is ealily 
reflefited ; and, by confequence, that every ray is fuc- 
ceffiveiy difpofed to be eafily reflefited, or eafily tranf 
mitted, by every vibration which overtakes it. But 
. whether 
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. rbrr tms HVpothefis be true or falfe I do not here 
w hethei tn wyP g, f with the bare dlfcovery, 

“f Ae'rays of Light are by feme caufe or other al ter- 

mrely difpofed to be reflefted or refined for many vi- 

ciffitudes* 

‘DEFINIT ION- 

The returns of the difpfaum of any ray to be refieBei 
I will call its Fits of eafy reflexion, and thoje of 
its difpofition to be tranfmitted its Fits of eafy tranl- 
jniflion, and the f face it gaffes between every re- 
turn and the next return, the Interval of its 
Fits. 



PROP. XIII. 



The veafon why the fuff aces of aU thick tf anffarent 
Bodies refleB fart of the Light incident on them , and 
refraB the reft , that fame rays at their incidence are 
in Fits of eafy reflexion , and others in Fits of eafy tranf- 
mijflon . ' 

This may be gathered from the 24th Obfervation, 
where the Light reflefited by thin plates of Air and Glafs, 
which to the naked Eye appeared evenly white all over 
the plate, did through a Prifm appear waved with many 
fucceffions of Light and Darknefs made by alternate fits 
of eafy reflexion and eafy tranfmiffion , the Prifm 
fevering and diftinguifhing the waves of which the 
white reflefited Light was compofed, as was explained 
above. 



And 



Mm 
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And hence Light is in fits of eafy reflexion and e r 
tranfmiffion, before its incidence on tranfparent Bod’ ^ 
And probably it is put into fuch fits at its firft emitt^’ 
from luminous Bodies, and continues in them (W° n 
all its progrefs. For thefe fits are of a lafting Natu^ 
as will appear by the next part of this Book. ° Te> 

In this Propofition I fuppofe the tranfparent Bodie 
to be thick, becaufe if the thicknefs of the Body be 
much lefis than the interval of the fits of eafy reflexion 
and tranfmiffion of the rays, the Body lofethits reflects 
power. For if the rays, which at their entering 
the Body are put into fits of eafy tranfmiffion, arrive at 
the furtheft furface of the Body before they be out of 
thofe fits they rnufi be tranfmitted. And this is the 
reafon why Bubbles of Water lofe their reflecting power 
when they grow very thin, and why all opake Bo* 
dies when reduced into very final! parts become tranf- 
parent. 

PROP. XIV. 

'Thofe furfaces of tranfparent Bodies , 'which if the re y 
he in a fit ofrefra&ion do refraCt it moft ftrongly y if the 
ray he in a fit of reflexion do refled it mofi eafily. 

For we Ihewed above in Prop. 8. that the canfe of 
reflexion is not the impinging of Light on the folid 
impervious parts of Bodies, but fome other power by 
which thofe folid parts a d on Light at a diftance. We 
ihewed alfo in Prop. 9. that Bodies relied and refraft 
Light by one and the fame power varioufly exercifed in 
various circumftances, and. in Prop. 1 . that the molt 
ftrongly refrading furfaces refled the moil: Light : All 

which 
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Which compared together evince and ratify both thts 
and the laft Propofition. 

PROP. XV. 

• h m one and the fame fort of rays 
' An4e out of any refratUm furface onto one and, the fame 
medium the interval of the following fits of eafy reflexion, 
end tranfmiffum are either accurately or very Marly, ta 
the Re&mgle of the fecant of the Angle of reft agton, and 
of the fecant of another Angle, whole fine u the firft of 
106 arithmetical mean profortiomls , between the fines 
of incidence and refraSim counted from the fine of re- 



This is manifefl: by the 7th Obfervation. 



p R O Pa XVI. 



Jn fever al forts of rays emerging in equal Amies out 
tf any ref raiding furface into the fame medium , tloe inter + 
vds of the following fits of eafy reflexion and eafy tranf* 
miff on are either accurately , or very nearly , as the Cube * 
roots of the Squares of the lengths of a Chord , which found 
the notes in an Eight , fol, la, fa, fol, la, mi, fa, fol, with 
all their intermediate degrees anfwering to the Colours of 
thofe rays , according to the Analogy defer ihed in the fe* 
venth Experiment of the fecond Book , 

Tins is manifefl: by the 13 th and 14th Obfervations. 



PROP. 



Mm 2 






[ 8 +] 

PROP. XVII. 

If rays ofay one fort fafs perpendicularly into [ eWr , 
mediums , the intervals oj the jits of eafy reflexion j 
tranfmifflon in any one medium , is to tbofe interval ’ 
any other as the fine of incidence to the fine of refrafr % 

■when the rays pafs out of the firfi of tbofe two medim, 
into the jecond. J 

This is manifeft by the i oth Obfervation. ■ 
PROP. XVIII, 

If the rays which paint the Colour in the confine of 
yellow and orange pafs perpendicularly out of any medium 
into Air , the intervals of their fits of eafy reflexion are 
the vfisfh part of an Inch. And of the fame length are 
the intervals of their fits of eafy tranfmijfion . 

This is manifeft by the 6th Obfervation. 

From thefe Propofitions it is eafy to collect the in- 
tervals of the fits of eafy reflexion and eafy tranfmif- 
fion of any fort of rays refracted in any Angle into 
any medium, and thence to know, whether the rays 
foall be reflected or tranfmitted at their fubfequent 
incidence upon any other pellucid medium. Which 
thing being ufefiil for underltanding, the next part of 
this Book was here to be fet down. And for the fame 
reafon I add the two following Propofitions. 



PROP. 



[853 

PROP. XIX. 

If rn fort of rays falling on the polite furface of any 
JSkUL he reflected hack, the fits d eafy re- 
%%M they have at the font of 

{ances from the point of reflexion m the arithmetical 
proorejfion of the numbers 2 , 4 , 6 , 8 , 10 , 1 3, r c. an e~ 
tween thefl fits the rays Jhatt be m fits of eafy tranfl 

"For fince the fits of eafy reflexion and eafy tianf- 
miffion are of a returning nature, there is no reafon 
why theie fits, which continued till the ray arrived at 
the reflecting medium, and there inclined the ray to 
reflexion, fhould there ceafe. And if the ray at the 
point of reflexion was in a fit of eafy reflexion, the 
nrogreffion of the di fiances of thefe fits from that point 
muft begin from o, and fo be of the numbers o, -, 4 ? 
6, 8, he. And therefore the progreflion of the di- 
fiances of the intermediate fits of eafy tranfmiffion rec- 
koned from the fame point, muft be in the progreflion 
of the odd numbers 1 , 3 , 5 , 7 , 9 ,ter. contrary to what 
happens when the fits are propagated from points of 
refraction. 

P R O F. XX 

The intervals of the fits of eafy reflexion and eafy 
tranjmiffion^. propagated from points of reflexion into any 
medium , are equal to the intervals of the like fits which 
the fame rays would have , if refradled into the fame 

medium 
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medium in Angles of refraction equal to their Amb 
reflexion. ‘ * s °J 

For when Light is reflected by the fecond furf 3Ce 
thin plates, it goes out afterwards freely at the firft f ° 
face to make the Rings of Colours, which appear b" 
reflexion, and by the freedom of its egrefs, makes t/ 
Colours of thefe Rings more vivid and ftrong than th f 
which appear on the other fide of the plates by & 
tranfinitted Light. The reflected rays are therefore { 
fits of eafy tranfmiflion at their egrefs ; which would 
not always happen, if the intervals of the fits within 
the plate after reflexion were not equal both in length 
and number to their intervals before it. And this confirms 
alio the proportions fet down in the former Proportion 
For if the rays both in going in and out at the firft furface 
be in fits of eafy tranfmiflion, and the intervals and num- 
bers of thofe fits between the firft and fecond furface 
before and after reflexion, be equal ; the diftances rf 
the fits of eafy tranfmiflion from either furface, muff be 
in the fame progreflion after reflexion as before] that 
is, from the firft furface which tranfmitted them, in 
the progreflion of the even numbers o, a, 4, 6, 8, S, 
and from the fecond which, reflected them, in that of 
the odd numbers 1, 3, 5, 7, But thefe two Pro- 
pofitions will become much more evident by the Obfer* 
vations in the following part of this Book, 



THE 
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THE 

SECOND BOOK 

OPTICKS. 



PART IV. 



Ob fer vations concerning the Reflexions and Colours of 
thick tranf -parent polijhed plates, 

T Here is no Glafs or Speculum how well foever 
polifhed, but, befides the Light which it refracts 
or refleas regularly , fcatters every way irregularly a 
faint Light, by means of which the polifhed furface, 
when illuminated in a dark Room by a beam of the 
Sun’s Light, may be eafily feen in all pofitions of the 
Eye. There are certain Phenomena ot this fcattered 
Light, which when I firft obferved them, feemed very 
ftrange and furprifing to me. My Obfervations were 
as follows. 



OBS, 





to a Sphere of five Feet and eleven Inches RadiJ , 

^nic^lr - J-l- - _ r* i ^ 

>1 

> 

of the Spheres to which the Speculum was ground 

is. at rtf oKnnt „_j 9 U ?> that 
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OBS. L 



The Sun filming into my darkened Chamber n, 
a Hole i of an Inch wide, I let the intromitted k gI) 
of Light fall perpendicularly upon a Glafs 
ground concave on one fide and convex on the U 



i m 
other 



quick-filvered ov er on the convex fide. And hV 
a^vhite opake Chart, or a Quire of Paper at the Cent? 



is, at the diftance of about five Feet and eleven Inrl? 
from the Speculum, in fuch manner, that the beam r 
Light might pafs through a little Hole made in tt 
middle of the Chart to the Speculum, and thence 
refleded back to the fame Hole : I obferved upon the 

in u f ° U1 or five concentric Mes or Rings of Colours 
like Ram-bows, encompaffing the Hole much after the 
manner that thofe, which in the fourth and following 
Obfervations of the firft part of this third Book appeared 
between the Obje6LGlaffes,encompafted the black Spot 
but yet larger and fainter than thofe. Tftele Rings as 
they grew larger and larger became diluter and fainter 
io that the fifth was fcarce vifible. Yet fometimes’ 
when the Sun fhone very clear, there appeared faint 
Lineaments of a fixth and feventh. If the difiance of 
the Chart from the Speculum was much greater or much 
lefs than that of fix Feet, the Rings became dilute and 
van idled. And if the diftance of the Speculum from 
the Window was much greater than that of fix Feet, 
the refle&ed beam ofLight would be fo broad at the 
diftance of fix Feet from the Speculum where the Rings 

appeared, 
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« a < tn obfcure one or two of the innermoft 

£ % therefore I ufually placed the Speculum 
JilHgb- ^ ^ . r w:«JrtTjir . fn fftiaf* Its FoCUS 



Sout fix Feet from the Window ; fo that its Focus 
might there fall In with the center of its concavity at the 
r E s upon the Chart. And this Rofture is always to 
be underftood in the following Oblervations where no 
other is expreft. 



OBS. II. 



The Colours of thefe Rain-bows fucceeded one ano- 
ther from the center outwards, in the fame form and 
order with thofe which were made in the ninth Obfer- 
vation of the firft Part of this Book by Light not re- 
fie£ted 7 but tranfmitted through the two Obje£t-G lanes* 
For, firft, there was in their common center a white 
round Spot of faint Light, fomething broader than the 
reflected beam of Light; which beam Sometimes fell 
upon the middle of the Spot, and fometimes by a little 
inclination of the Speculum receded from the middle, 
and left the Spot white to the center. 

This white Spot was immediately encompafifed with 
a dark grey or rnflet, and that darknefs with the Co- 
lours of the firft Iris, which were on the infide next 
the darknefs a little violet and indico, and next to that 
a blue, which on the outfide grew pale, and then fuc- 
ceeded a little green ifti yellow, and after that a brighter 
yellow, and then on the outward edge of the Iris a red 
which on the outfide inclined to purple. 

This Iris was immediately encompafled with a fo 
cond, whofe Colours were in order from the infide 

N n out- 
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outwards, purple, blue, green, yellow, light red a re . 
mixed with purple. 5 

Then immediately, followed the Colours of the third 
Iris, which were in order outwards a green inclining 
to purple, a good green, and a red more bright tlnn 
that of the former Iris. 

The fourth and fifth Iris feemed of a bluilh g reen 
within, and red without, but fo faintly that it was dif- 
ficult to difcern the Colours. 

O B S. III. 

Meafuring the Diameters of thefe Rings upon the 
Chart as accurately as I could, I found them alfo in 
the fame proportion to one another with the Rings 
made by Light tranfmitted through the two Gbjedt- 
Glafles. For the Diameters of the four firft of the 
bright Rings meafured between the brighteft parts of 
their orbits, at the di fiance of fix Feet from the Specu- 
lum were i*, a*, 3} Inches, whofe fquares are in 

arithmetical progreffion of the numbers 1, a, 3, 4. If 
the white circular Spot in the middle be reckoned 
amongft the Rings, and its central Light, where it 
feemsto be moft luminous, be put equipollent to an 
infinitely little Ring ; the fquares of the Diameters of the 
Rings will be in the progreffion o, 1,2, 3,_4, I 
mealured alfo the Diameters of the dark Circles be- 
tween thefe luminous ones, and found their fquares 
in the progreffion of the numbers T, 
the Diameters of the firft four at the diftaiice of fix Feet 
from the Speculum, being iji, ^ nc ^ es ‘ 

the diftance of the Chart from the Speculum was in- 

created 
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raft d or diminlfhed, the Diameters of the Circles were 
or diminithed proportionally. 



O B S. IV. 




Rnfhe analogy between thefe Rings and thole de- 
frribed in theObfervatiofls of the firftPart of thisBook 
T fufnefted that there were many more of them which 
tod into one another, and by interfering mixed their 
Colours, and diluted one another fo that they could 
. u. p r pen apart I viewed them therefore through a 
P to, Tl ihofe in the Obfetvation of tte 
firft Part of this Book. And when the Pnfm was fo 
placed as by refra&ing the Light of _ theft mixed Co- 
Us to feparate them, and diftinguilh tte Rings from 
one another, as it did thole in that Obfetvation, I could 
then fee them difiin&er than before, and eah y num- 
ber eight -or nine of them, and fometimes twelve or 
thirteen. And had not their Light been lo very faint, 
1 cmeftion not but that I might have feen many more. 



O B S. V. 



Placing a Prifm at the Window to refraft the intro- 
mitted beam of Light, and caft the oblong Spectrum 
of Colours on the Speculum : I covered the Speculum 
with a black Paper which had in the middle of it a Hole 
to let any one of the Colours pafs through to the Spe- 
culum, white the reft were intercepted by the Paper. 
And now I found Rings of that Colour only . which fell 
upon the Speculum. If the Speculum was illuminated 
with red the Rings were totally red with dark inter-' 

Nil i vals, 
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vals, if with blue they were totally blue, and fo 0 f t i 
other Colours. And when they were illuminated with 
any one Colour, the Squares of their Diameters me ' 
fured between their moil luminous parts, were in h "* 
arithmetical progreflion of the numbers o, ® 

the Squares of the Diameters of their dark intervals ” 
the progreflion of the intermediate numbers 7, ii 11 
But if the Colour was varied they varied their mw’ 
tude. In the red they were largeft, in the indico and 
violet lea ft, and in the intermediate Colours yellow 
green and blue ; they were of leveral intermediate bio!' 
neffes anfwering to the Colour, that is, greater in ypj 
low than in green, and greater in green than in blue 
And hence I knew that when the Speculum was illumh 
nated with white Light, the red and yellow on the out-, 
fide of the Rings were produced by the leaft refrangible 
rays, and the blue and violet by the moft refrangible 
and that the Colours of each Ring fpread into the Co- 
lours of the neighbouring Rings on either fide, after 
the manner explained in the firft and fecond Part of this 
Book, and by mixing diluted one another fo that they 
could not be diftinguifhed, unlefs near the center where 
they were leaft mixed. For in this Obfervation I could 
fee the Rings more diftindly, and to a greater number 
than before, being able in the yellow Light to number 
eight or nine of them, befides a faint fhadow of a tenth. 
To fatisfy my felf how much the Colours of the feveral 
Rings fpread into one another, I meafured the Diame- 
ters of the fecond and third Rings , and found them 
when made by the confine of the red and orange to be 
the fame Diameters when made by the confine of blue 
and indico, as 5 to 8, or thereabouts. For it was hard 
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j .e-mine this proportion accurately. Allb theCir— 
'? de X tuccemvefy by the red, yellow and green,, 
C ffeS more from one a/other than thole made fuccef- 
r'.afhv the green, blue and indico. For the Circle 

J i,J t h e violet was too dark to be feen. To carry 
^ fhe^computation , Let us therefore fuppofe that the- 
Merences of the Diameters of the Circles made by the 
red, the confine of red and orange, the confine 
of orange and yellow, the confine of yellow and gieen, 
ti e confine of green and blue, the confine of blue and 
Sndico, the confine of indico and violet, and outmoft vio- 
let are in proportion as the differences of the lengths 
of a Monochord which found the tones in an Eight y 
foL fol) /«, m?f a y K that ls i the numbers J, 

{ l V « t And lf the Diameter of the Circle made 
by the confine of red and orange be 9 A, and that of 
the Circle made by the confine of blue and indico be 
8 A as above, their difference 9 A — - 8 A will be to 
the difference of the Diameters of the Circles made by 
the outmoft red, and by the confine of red and orange, 
as h ■ft a + 11, . + a 7 to that is as to » or 8 to and to 
the difference of the Circles made by the outmoft violet, 
and by the confine of blue and indico, as is =+ f* + i* + if 
to *,.+ *», that is, as '*7 to or as 1 6 to 5 . And there- 
fore thefe differences will be I A and U A. Add the 
firft to 9 A and fubdud the laft from 8 A, and you 
will have the Diameters of the Circles made by the 
leaft and moft refrangible rays I 1 A and A. Thefe 
Diameters are therefore to one another as 75 to 6i| or 
50 to 41, and their Squares as 1500 to 1681, that is, 
as 3 to 2 very nearly. Which proportion differs not 
much from the proportion of the Diameters of the 

Circles* 
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Circles made by the outmoft red and outmoft violet 1 
.the 1 5th Obfervation of the fir ft part of this Book. ^ 

O B S. VI. 

Placing my Eye where thefe Rings appeared plainefi- 
I law the Speculum tinged all over with waves of Co’ 
lours ( red, yellow, green , blue 3 ) like thofe which b 
the Obfervations of the hr ft Part of this Book appeared 
between the Objeft-Glaffes and upon Bubbles of Water 
but much larger. And after the manner of thofe thev 
were of various magnitudes in various pofttions of the 
Eye, fwelUiig and fhrinking as I moved my Eye this 
way and that way. They were formed like Arcs of 
concentrick Circles as thofe were, and when my Eye 
was over againft the center of the concavity of the Spe- 
culum (that is, 5 Feet and n o Indies di ft ance from the 
Speculum) their common center was in a right Line 
with that center of concavity, and with the Hole in the 
Window. But in other poftures of my Eye their center 
had other pofitions. They appeared by the Light of 
the Clouds propagated to the' Speculum through the 
Hole in the Window, and when the Sun fhone through 
that Hole upon the Speculum, his Light upon it was 
of the Colour of the Ring whereon it fell, but by its 
fplendor oh feu red the Rings made by the Light of the 
Clouds, unlefs when tire Speculum was removed to a 
great diftance from the Window, ib that his Light upon 
it might be broad and faint. By varying the petition of 
my. Eye, and moving, it nearer to or farther from the 
direct beam of theSuns Light, the Colour of the Suns 
reflected Light conftantly varied upon the Speculum, 




Eye, the fame Colour always ap 
my Eye which to me ap 



a ■ Tto a Bv-rfander upon my Lye wmento me ap- 
P ea ^ U pon the Speculum. And thence I knew that 
fheWnss of Colour? upon the Chart were made by thefe 
refcfteif Colours propagated thither from the Specu- 
Jumin fcveral Angles? and that then nafcfequfe 
not upon the termination of Light and Shs 



O B S. VII- 




Bv the Analogy of all thefe Eiiamomena wira mom 01 
the like Rings of Colours deferibed in the firft Part of 
this Book, it feemed to me that thefe Colours were 
produced by this thick plate of Glafs, much after the 
manner that thole were produced by very thin 
plates. For, upon tryal, 1 found that if the Quick- 
lilver were rubbed off from the back-fide of the Specu- 
lum, the Glals alone would caufe the fame Rings of 
Colours, but much more faint than before 3 and there- 
fore the Phenomenon depends not upon the Quick- 
filver, unlefs fo far as the Quick-lilver by the increafing 
the reflexion of the back-fide of the Glals increates the 
Light of the Rings of Colours. I found alio that a Spe- 
culum of metal without Glafs made fome years fince 
for optical ules, and very well wrought, produced none 
of thofe Rings 3 and thence I underftood that thefe. 
Rings arife not from one fpecular furface alone , but 
depend upon the two furfaces of the plate of Glafs where- 
of the Speculum was made, and upon the thicknefs of 
the Glafs between them. For as in the 7th and 1 9th 
Obfervations of the firft Part of this Book a thin plate 
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of Air, Water, or Glafs of an even thicknefs apne - j 
of one Colour when the rays were perpendicular to ' 
'of another when they were a little oblique, of a not! ^ 
when more oblique, of another when ftill more oblin^ 1 
and fo on ; fo here, in the fixth Obfervation, the Lff 
which emerged out of the Glafs in feveral obliquitf / 
made the Glafs appear of feveral Colours, and 1 bem 
propagated in thole obliquities to the Chart, there pai ® 
ted Rings of thofe Colours. And as the reafon why 1 " 
thin plate appeared of feveral Colours in feveral obli 
quities of the rays, was, that the rays of one and the fame 
fort are reflected by the thin plate at one obliquity and 
transmitted at another, and thofe of other forts tranf- 
mitted where thefe are refleded, and refleded where 
thefe are tranimitted : So the reafon why the thick 
plate of Glafs whereof the Speculum was made did ap- 
pear of various Colours in various obliquities, and in 
thofe obliquities propagated thofe Colours to the Chart 
was, that the rays of one and the fame fort did at one 
obliquity emerge out of the Glafs, at another did not 
emerge but were reflected back towards the Quick-fib 
ver by the hither furface of the Glafs, and accordingly 
-as the obliquity became greater and greater emerged 
and were refleded alternately for many fucceflions, and 
that in one and the fame obliquity the rays of one fort 
were reded ed, and thofe of another tranfmitted. This 
is manifeft by the fil’d: Obfervation of this Book : For 
in that Obfervation, when the Speculum was illumi- 
nated by any one of the pfifmatick Colours, that Light 
made many Rings of the fame Colour upon the Chart 
with dark intervals, and therefore at its emergence out 
-of the .Speculum was alternately tranfmitted, and not 

tranf 
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, from the Speculum to the Chart for many 

tranfm ^ accor ding to the various obliquities of its 
fUC erf nee’ And when the Colour caft on the Specu- 
Civ the Prifm was varied, the Rings became of 
theColour caft on it, and varied their bignefs with their 
rolour and therefore the Light was now alternately 
mnfmitted and not tranfmitted from the Speculum to 
the Lenwt other obliquities than before. It feemed to 
me therefore that thefe Rings were of one and the fame 
original with thofe of thin plates, but yet with this 
difference that thofe of thin plates are made by the al- 
ternate reflexions and tranfmiffions of the rays at the 
fecond furface of the plate after one padfage through it : 
But here the rays go twice through the plate before 
they a-re alternately refleded and tranfmitted 3 firft, 
they g4 through it from the fir ft furface to the Quick- 
filver, and then return through it from the Quick-filver 
to the firft furface, and there are either tranfmitted to 
the .Chart or refleded back to the Quick-filver, ac- 
cordingly as they are in their fits of eafie reflexion or 
tranfmiffion when they arrive at that furface. For the 
intervals of the fits of the rays which fall perpendicu- 
larly on the Speculum, and are refleded back in the 
fame perpendicular Lines, by reafon of the equality of 
thefe Angles and Lines, are of the lame length and num- 
ber within the Glafs after reflexion as before by the 
19th Propofition of the third Part of this Book. And 
therefore fince all the rays that enter through the firft 
furface are in their fits of eafy tranfmiffion at their en- 
trance, and as many of thefe as are refleded by the fe- 
cond are in their fits of eafy reflexion there, all thefe 
muft be again in -their fits of eafy tranfmiffion at their 

O 0 return 




C 98 ] 

return to the firft, and by confequence there cr 0 out 
the Glafs to the Chart, and form upon it the wh'° f 
Spot of Light in the center of the Rings. For the C*. 
fon holds good in all forts of rays, and therefore 
forts muft go out promifcuoufly to that Spot, and b 
their mixture caule it to be white. But the interv \ 
of the fits of thofe rays which are reflected more 0 V 
liquely than they enter, muft be greater after reflexion 
than before by the 15 th and 20th Prop. And thence 
it may happen that the rays at their return to the fi r ft 
fur face, may in certain obliquities be in fits of enfy re , 
flexion, and return back to the Quick-filver, and in 
other intermediate obliquities be again in fits of ea f v 
tranfmilfion, and fo go out to the Chart, and paint on 
it the Rings of Colours about the white Spot. And 
becaufe the intervals of the fits at equal obliquities 3re 
greater and fewer in the lefs refrangible rays, and lefs 
and more numerous in the more refrangible, therefore 
the Ids refrangible at equal obliquities (hall make fewer 
Rings than the more refrangible, and the Rings made 
by thofe (hall be larger than the like number of Rings 
made by thefc ; that is, the red Rings fhall be larger 
than the yellow, the yellow than the green, the green 
than the blue, and the blue than the violet, as they 
were really found to be in the 5 th Obfervation, And 
therefore the firft Ring of all Colours incompaffing the 
white Spot of Light fhall be red without and violet 
within, and yellow, and green, and blue in the middle, 
as it was found in the fecond Observation : and thefe 
Colours in the lecond Ring, and thofe that follow fhall 
'be more expanded till they fpread into one another, 
and blend one another by interfering. 
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Thf r, feem to be the reafons of thefe Riftg s g e " 

T | h InH tWs out me uport obfervmg the thicknefs ot 
f f Glafe and confidering whether the duncnfions and 
proportions of the Rings may be truly denved from it 

fjy computation. 

O B S. VIII. 

1 meafured therefore the thicknefs of this concavo- 
r * plate of Glafs, and found it erery-where 3 of an 
‘ r L; felv. Now, by the 6th Obfervation of the 
Lit Part of this Book, a thin plate of Air tranfmits the 
brighted Light of the firft Ring, that is the bright yel- 
% when its thicknefs is the ^h part of an Inch 
ind by the ioth Obfervation of the fame part, a thin 
‘plate of Glafs tranfmits the fameLight of the fameRmg 
when its thicknefs is lefs in proportion of the fine of 
refraction to the fine of incidence, that is, when its 
thicknefs is the j^th or 1} ^th part of an Inch, up- 
pofing the fines are as 1 1 to 17. And if this thicknefs 
be doubled it tranfmits the fame bright Light of the 
fecond Ring, if tripled it tranfmits that of the third, 
and fo on, the bright yellow Light in all thefe yafes be- 
ing in its fits of tranfmiffion. And therefore if its thick- 
nefs be multiplied 34586 times fo as to become \ of an 
Inch it tranfmits the fame bright Light of the 34386fH 
Ring. Suppofe this be the bright yellow Light tranf- 
mitted perpendicularly from the reflecting convex fide 
of the Glafs through the concave fide to the white Spot 
in the center of the Rings of Colours on the Chart : And 
by a rule in the feventh Obfervation in the firft Part of 
the firft Book, and by the 15th and 20th Propofitions 

Oo 1 of 
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of t)ie third Part of this Book, if the rays be niadp t 
lique to the Glafs, the thicknefs of the Glaf s re • 
fite to tranfmit the fame bright Light of the fame fp 
in any obliquity is to this thicknefs of of an Inch^ 
the fecant of an Angle whole line is the firft of an hu^ 
dred and fix arithmetical means between the fines 
incidence and refraction, counted from the fine of j n ° 
dence when the refraction is made out of any plated 
dy into any medium incompaffing it, that is, in this caft 
out of Glafs into Air. Now if the thicknefs of the Glafe 
be increafed by degrees,fo as to bear to its firft thicknefs 
( viz. that of a quarter of an Inch ) the proportions 
which 34.386 (the number of fits of the perpendicular 
rays in going through the Glafs towards the white Spot 
in the center of the Rings,) hath to 34385, 3^4 
343^3 and 3438 a (the numbers of thefits of the oblique 
rays in going through the Glafs towards the firft, fe- 
cond, third and fourth Rings of Colours,) and if the 
firft thicknefs be divided into 100000000 equal parts 
the increafed thicknefles will be 100002908, 100005816, 
100008725 a nd 100011 6 SS? an d the Angles of which thefe 
thicknefles are fecants will be 26' 1 3", 37' 5'^ 45' 6" and 
52' 26", the Radius being 100000000 * and the fines of 
thefe Angles are 762, 1079, iqai and 1525, and the 
proportional fines of refraction 1172, 1659, 2031 and 
3 345 ) the Radius being 1 00000. For fince the fines 
of incidence out of Glafs into Air are to the fines 
of refraCtion as 1 1 to 1 7, and to the above-mentioned 
fecants as 1 1 to the firft of 1 06 arithmetical means 
between n and 17, that is as 11 to n t -- 6 , thofe fe- 
cants will be to the fines of refraction as 1 1% to 17, 
and by this Analogy will give thefe fines. So then 
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the obliquities of the rays to the ; concave furtace of 
1 3 Glafs be iuch that the fines of their refraaion m 
t ’ir ]12 out of the Glafs through that furface into the. 
v 1174 i6s 9, 402 1. 2245, the bright Light ot 
the 2438^11 Ringf (hall emerge at the thicknefles ot the. 
GWs which are to of an Inch as 3 « 86 t° 343 s 5 » 
, ,0, ,4.282 24284, refpeaively. And therefore it 

the thicknefs in all thefe cafes be -( of an Inch (as it is m 
rhe Glafs of which the Speculum was made) the bright 
Light of the 34385th Ring M emerge where the line 
ofrefraaionis 1 174, and that of the ^4384^, 3 84383th 
and 24382th Ring where the fine is 1659, 203 1, and 
4,4, refpeaively. And in thefe Angles of refraaion 
the Light of thele Rings fhall be propagated from the 
Speculum to the Chart,, and there paint Rings about the 
white central round Spot of Light which we laid was 
the Light of the 3.4386th Ring. And the Semidia me- 
ters of thefe Rings fhall fubtend the Angles of refraaion 
made at the concave lurface of the Speculum, and by 
confequence their Diameters fhall be to the diftance. of 
the Chart from the Speculum as thofe fines of refraaion 
doubled are to the Radius that is as 1 1 7 2, 1 6 5 9,. 203 1 , 
and 2345, doubled are to 100000. And therefore if 
the diftance of the Chart from the concave furface of 
the Speculum be fix Feet ( as it was in the third of thefe 
Obfervations) the Diameters of the Rings of this bright 
yellow Light upon the Chart fhall be F68b, 2’ 3 8 9,, 
2 ’9 2 5» 3*375 Inches : For thefe Diameters are to 6 Feet 
as the above-mentioned fines doubled are to the Radius. 
Now thefe Diameters of the bright yellow Rings, thus 
found by computation are the very fame with thofe 
found in the third of thefe Obfervations by meafuring 

them* 
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thern^ (viz. with *£» Sf* * 5 , and 3 inches, andti^, 
fore the Theory of deriving thefe Rings from the ti 
nets of the plate of Glafs of which the Speculum, 
made, and from the obliquity of the emerging rave , Was 
with the Obfervation. In this computation i f ^ 
equalled the Diameters of the bright Rings nBde ? 
Right of all Colours, to the Diameters of the JR/ 
made by the bright yellow. For this yellow makes tjf 
brighteft part of the Rings of all Colours. If y ou def 
the Diameters of the Rings made by the Light of an ! 
other unmixed Colour, you may find them readily 12 - 
putting them to the Diameters of the bright yellow onl 
in a fubduplicate proportion of the intervals of the fit 
of the rays of thofe Colours when equally inclined to 
the refracting or reflecting furfaee which caufed thole 
Sts, that is, by putting the Diameters of the Rings made 
by the rays in the extremities and limits of the feven 
Colours, red, orange, yellow, green, blue, indico, violet 
proportional the Cube-roots of the numbers, 1, 

U h .%? i? which exprefs the lengths of a Monochard 
founding the notes in an Eight : For by this means the 
Diameter of the .Rings of thefe Colours will be found 
pretty nearly in the fame proportion to one another, 
which they ought to have by the fifth of thefe Obfer- 
vations. 

And thus I fatisfied my felf that thefe Rings were of 
the fame kind and original with thofe of thin plates, 
and by confequence that the fits or alternate difpofi- 
tions of the rays to be reflected and tranfmitted are pro-- 
pagated to great diftances from every reflecting and re- 
fracting furfaee. But yet to put the matter out of doubt 
I added the following Obfervation. 

OBS. 
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O B S- IX. 

rf thefe Rings thus depend on the thicknefs ot the plate 
nfGlafs their Diameters at equal diftances from feveral 
Soeculums made of fuch concavo-convex plates ol Glais 
as are ground on the fame Sphere, ought to be reopro- 
ca l|y in a fubduplicate proportion ot the thicknefles o. 
the oiates of Glafs. And if this proportion be found 
true bV experience it will amount to a demonftratrqn 
that thefe Rings ( like thofe formed in thtn plates ) do 
depend on the thicknefs of the Glafs. I procured there- 
fore another concavo-convex plate of Glais ground on 
both fides to the fame Sphere with the former plate : 
Its thicknefs was & parts of an Inch ; ^and the Diameters 
of the three firft bright Rings mealured between the 
brighteft parts of their orbits at the diftance of 6 Feet 
from the Glafs were 3. 4*. 5!- Inches. Now the thick- 
nefs of the other Glafs being \ of an Inch was to thick- 
nefs of this Glafs as ito that is as^ 31 to 10, or 
310000000 to ioooooooo^ and the roots of thefe numbers 
are 1 7607 and 1 0000, & in the proportion of the firft 
of thefe roots to the fecond are the Diameters of the 
bright Rings made in this Obfervation by the thinner 
Glafs, 3. 4*. 53 to the Diameters of the fame Rings made 
in the third of thefe Obfervations by the thicker Glafs-. 
1 g. il i\ b that is, the Diameters of the Rings are reci- 
procally in a fubduplicate proportion of thicknefles of 
the plates of Glafs. 

So then in plates of Glafs which are alike concave on- 
one fide, and alike convex on the other fide, and alike: 
quick-filvered on the convex fides, and differ in nothing 

but 
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but their thicknefs, the Diameters of the Rings are ■ 
ciprocally in a fubduplicate proportion of the thicWnv 
of the plates. And this fhews fufficiently that the Ri f 
depend on both the furfaces of the Glafs. X] ley n P 
pend on the convex furface . becaufe they are more l' 
mi nous when that furface is quick-filvered over th^ 
when it is without Quick-iilver. They depend aft 
upon the concave furface, becaufe without that furfa ° 
a Speculum makes them not. They depend on both 
furfaces and on the difiances between them, fiecauf 
their bignefs is varied by varying only that diftance 
And this dependance is of the fame kind with that 
which the Colours of thin plates have on the diftance 
of tire furfaces of thofe plates , becaufe the bignefs 
of the Rings and their proportion to one another 
and the variation of their bignefs ariling from the varia- 
tion of the thicknefs of the Glafs, and the orders of 
their Colours, is fuch as ought to reiult from the Pi O n 0 , 
fitions in the end of the third Part of this Book, derived 
from the the Phenomena of the Colours of thin plates 
fet down in the firft Part. 

There are yet other Phenomena of thefe Rings of 
Colours but fuch as follow from the fame Proportions 
and therefore confirm both the truth of thofe Propor- 
tions, and the Analogy between thefe Rings and the 
Rings of Colours made by very thin plates. I j gj 
fubjoyn fbme of them. 




OBS- 
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O B S. X. 

When the beam of the Sun’s Light was refie&ed back 
from the Speculum not dire&ly to the Hole m the Win- 
SL but to a place a little diftant from it, the common 
center of that Spot, and of all the Rings of Colours fell 
in the middle way between the beam of the incident 
Light, and the beam of the reflected Light, and by 
confequence in the center of the fpherical^ concavity ot 
the Speculum, whenever the Chart on which the Rings 
of Colours fell was placed at that center. And as the 
beam of reflected Light by inclining the Speculum re- 
ceded more and more from the beam of incident Light 
and from the common center of the coloured Rings be- 
tween them, thole Rings grew bigger and bigger, and 
fo alfo did the white round Spot, and new Rings of Co- 
lours emerged fucceftively out of their common center, 
and the white Spot became a white Ring encompaffing 
them ; and the incident and reflected beams of Light 
always fell upon the oppofite parts of this Ring, illumi- 
nating its perimeter like two mock Suns in the oppofite 
parts of an Iris. So then the Diameter of this Ring, 
meafured from the middle of its Light on one fide to 
the middle of its Light on the other fide, was always 
equal to the diftance between the middle of the incident 
beam of Light, and the middle of the reflected beam 
meafured at the Chart on which the Rings appeared : 
And the rays which formed this Ring were reflected by 
the Speculum in Angles equal to their Angles of inci- 
dence, and by coniequence to their A ngles of refraction 
at their entrance into the Glafs, but yet" their Angles of 

P p reflexion 
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reflexion were not in the fame planes with their An 
of incidence. 




OBS. XL 

The Colours of the new Rings were, in a contra 
order to thofe. of the former, and arofe after this mzi 
net* The white round Spot of Light in the middle % 
the Rings continued white to the center till thedifhnce 
of the incident ond reflected beams at the chart was 
about | parts of an Inch, and then it began to g row 
dark in the middle. And when that diftance was about 
if.sofi.an Inch, the white Spot was become a Ring eri , 
compaffing a. dark round Spot which in the middle i n . 
dined to violet and indico. And the luminous Rings 
incompaffing it were grown equal to thofe dark ones 
which in the four firft Obfervations encompaffed them 
that is to fay, the white Spot was grown a white Rina 
equal to the firft of thofe dark Rings, and the firft of 
thofe luminous Rings was now grown equal to the fe- 
cond of thofe dark ones, and the fecond of thofe lumi- 
nous ones to the third of thofe dark ones, and fo on. 
For the Diameters of the luminous Rings were now ijj 
3 h, & c ' Inches. 

When the diftance between the incident and reflected 
beams of Light became a little bigger, there emerged 
out of the middle of the dark Spot after the indico a 
blue, and then out of that blue a pale green, and foon 
after a yellow and red. And when the Colour at the 
center was brighteft, being between yellow and red, 
the bright Rings were grown equal to thofe Rings which 
in the four firft Obfervations next encompalled them; 
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. * r„„ the white Spot in the middle of thofe 
rTwas now become a white Ring equal to the firft 
R f thoft bright Rings, and the firft of thofe bright ones 
0 1 row become equal to the fecond of thole and to 

T For the Diameters of the white Rings, and of the 

o?her luminous Rings incompaffing it, were now i«, 
, 3i, &c. or thereabouts. . . , 

When the diftance of the two beams of Lig i a ie 
Chart was a little more increafed, there ^ er S^ ^ 
of the middle in order after the red, a purple, a blue, 

a oreen, a yellow, and a red inclining much to purple, 

and when the Colour was brighteft being between yel- 
low and red, the former indico, blue, green yellow and 
red. were become an Iris or Ring ot Colours equal 
to the firft of thofe luminous Rings which appeared m 
the four firft Obfervations, and the white Ring which 
was now become the lecond of the luminous Rings was 
crown equal to the fecond of thofe, and the firft 6 
thofe which was now become the third Ring was be- 
come the third of thofe, and fo on. For their Diame- 
ters were i t a a , Inches, the diftance of the 

two beams of Light, and the Diameter ot the white 
Ring being of Inches. 

When thefe two beams became more diftant there 
emerged out ot the middle of the purplifh. red, firft a 
darker round Spot, and then out of the middle of that 
Spot a brighter. And now the former Colours (purple, 
blue, green, yellow, and purplifh red ) were become a 
Ring equal to the firft of the bright Rings mentioned in 
the four firft Obfervations , and the Ring about this 
Ring were grown equal to the Rings about that re- 
ipedively the diftance between the two beams of 

P p a Light 
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Light and the Diameter of the white Rj n o- t 
was now become the third Ring ) being about^ j 

The Colours of the Rings in the middle be 2a » 
to grow very dilute, and if the diftance between”? 
two beams was mcreafed half an Inch, or an Wh the 
they vamfhed whilft the white Ring, with one 
of the Rings next it on either fide, continued ftV? 
libie. . But if the diftance of the two beams of T ?' 
was ftill more increafed thefe alfo vanifhed : F T 
Light which coming from feveral parts of the HR • 
the Window fell upon the Speculum in feveral AnZ 2 
incidence made Rings of feveral bigneffes, which dlu 5 
and blotted out one another, as 1 knew by internet*? 
lome part of that Light. For if I intercepted that m 5 
which was neareft to the Axis of the Speculum 
Rings would be lefs, if the other part which was rp 
moteft from it they would be bigger. e * 
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Wien the Colours of the Prifm were caft fucceffivelv 
on the Speculum, that Ring which in the two laft oi 
legations was white, was of the fame bignefs in all the 
Colours, but the Rings without it were greater in the 
green than in the blue, and ftill greater in the yellow 
and greateft in the red. And, on the contrary, the 
Rings within that white Circle were lefs in the green 
than in the blue, and ftill lefs in the yellow, and lead 
m the red. For the Angles of reflexion of thofe rays 
which made this Ring being equal to their Angles of 
incidence, the fits of every refledted ray within the Glafs 

after 



on 

o 
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ft,., reflexion are equal in length and number fu the 
f o{ the fame ray within the Gists before ns incidence 
^ the reflefting furface; and therefore hnce all the rays 
f .ll forts at their entrance into the Glafs were in a fit 
’f tranfmiflion, they were alfo in a fit of tranfmimon at 
i eir returning to the fame furface after reflexion ; and 
hv confequence were tranfmitted and went out to the 
white Ring on the Chart. This is the reafon why that 
Rios was of the fame bignefs in all the Colours, and 
w hy in a mixture of all it appears white. But in rays 
which are reflected in other Angles, the intervals of the 
fits of the leaft refrangible being greateft, make the 
Rings of their Colour in their progrefs from this- white 
Rintr either outwards or inwards, increafe or decreafe 
by the greateft fteps ; fo that the Rings of this Colour 
without are greateft, and within leaft. And this is the 
reafon why in the laft Obfervation, when the Specu- 
lum was illuminated with white Light, the exterior 
Rings made by all Colours appeared red without and 
blue within, and the interior blue without and red 
within. 

Thefe are the Phenomena of thick convexo-concave 
plates of Glafs, which are every where of the fame 
thicknefs. There are yet other Phenomena when thefe 
plates are a little thicker on one fide than on the 
other, and others when the plates are more or lefs con- 
cave than convex, or plano-convex, or double-convex. 
For in all thefe cafes the plates make Rings of Colours, 
but after various manners ; all which, lb far as I have 
yet obferved, follow from the Proportions in the end 
of the third part of this Book, and fo confpire to con- 
firm the truth of thofe Propofitions. But the Pheno- 
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erni ai-e too various, and the Calculations w u. k 
they follow from thofe Proportions too intricate tf' 
here profecuted. 1 content my felf with having Pl ° r e 
cuted this kind of Phenomena fo far as to difco^aT 
caufe, and by difcovering it to ratify the Pronniv 11 
in the third Part of this Book, * IOr,s 
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As Light reflected by a Lens quicksilvered on th 
back-fide makes the Rings of Colours above 
fcribed, fo it ought to make the like Rings of Colour 
in pafling through a drop of Water. At the f lr ft 
flexion of the rays within the drop, fome Colours ought 
to be tranfmitted, as in the cafe of a Lens, and others 
to be reflected back to the Eye. For inftance, if the 
Diameter of a fmall drop or globule of Water be about 
the 500th part of an Inch, fo that a red-making ray in 
pafling through the middle of this globule has ago fits 
of eafy trail fmiffion within the globule, and that all the 
red-making rays which are at a certain diftance from 
this middle ray round about it have 249 fits within fe 
globule, and all the like rays at a certain further & 
fiance round about it have 248 fits, and all thofe at a 
certain further diftance 24.7 fits, and fo on ; thefe con- 
centrick Circles of rays after their tranfmiffion, falling 
on a white Paper, will make concentrick rings of red 
upon the Paper , fuppofing the Light which paffes 
through one Angle globule ftrong enough to be fenfible. 
And, in like manner, the rays of other Colours will 
make Rings of other Colours. Suppofe now that in a 
fair day the Sun {bines through a thin Cloud of fuch 

globules 
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, tale3 of Water or Hail, and that the globules are all 
8 Se fime bianefs,and the Sun feen through this Cloud 
o f * e near incompaffed with the like concentrick Rings 
^Colours and the Diameter of the fkft Ring of red 
fie Vdegrees, that of the fecond ^degree^ that 
ff the third I» degrees 33 ™utes. A , nc l accordingly 
a! the globules of Water are bigger or Ids, the Rings 
i s i belefs or bigger. This is the Theory, and expe- 
Ke anfwers it. For in Jme 1691. I law by reflexion 
L Veffel of ftagnating Water three Halos Crowns or 
Rings of Colours about the Sun, like three little Ram- 
bows, concentrick to his Body. The Colours of the 
firftor innermoft Crown were blue next the Sun, red 
without, and white in the middle between the blue 
and red. Thofe of the fecond Crown were purple and 
blue within, and pale red without, and green in the 
middle. And thole of the third were pale blue with- 
in and pale red without; thele Croryns inclofed one 
another immediately, fo that their Colouis proceeded 
in this continual order from the Sun outward * blue, 
white, red ; purple, blue, green, pale yellow and red ; 
pale blue, pale red. The Diameter of the fecond Crown 
meafured from the middle of the yellow and red on one 
fide of the Sun, to the middle of the fame Colour on 
the other fide was 9 j degrees, or thereabouts. The Dia- 
meters of the fir ft and third 1 had not time to meafure, 
but that of the fir ft leemed to be about five or fix de- 
grees, and that of the third about twelve. The like 
Crowns appear fometimes about the Moon ; for in the 
beginning of the year 1 664, Fe6r. 19th at night, I faw 
two luch Crowns about her. The Diameter of the fir ft 
or innermoft was about three degrees, and that of the 
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tecond about five degrees and an half. Next abnm 
Moon was a Circle of white, and next about that j 
inner Crown which was of a bluifh green with in ne f t 
white, and of a yellow and red without, and next ah & 
thele Colours were blue and green on the infide 0 f °| Ut 
outward Crown, and red on the outfide of it. fa Ei 
fame time there appeared a Halo about 11 degrees ^ 
diftant from the center of the Moon. It was Elliptj a 
and its long Diameter was perpendicular to the Hoi it 1 
verging below fartheft from the Moon. I am told tin 
the Moon lias fometimes three or more concentric! 
Crowns of Colours incompafling one another next about 
her Body. The more equal the globules of Water o- 
Ice are to one another, the more Crowns of Colours 
will appear, and the Colours will be the more lively 
The Halo at the diftance of 22'- degrees from the Mooii 
is of another fort. By its being oval and remoter from 
the Moon below than above, I conclude, that it was 
made by refradion in fome fort of Hail or Snow floating 
in the Air in an horizontal Pofture, the refra&ing Angf 
being about 58 or 60 degrees. 
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Qbfervations concerning the Inflexions of the rays of Light ^ 
and the Colours made thereby. 

G Rimaldo has informed us, that if a beam of the 
Sun’s Light be let into a dark Room through a 
very fmall Hole, the fhadows of things in this Light 
will be larger than they ought to be if the rays went 
on by the Bodies in ftrexght Lines, and that thefe fha- 
dows have three parallel fringes, bands or ranks of co- 
loured Light adjacent to them. But if the Hole be 
enlarged the fringes grow broad and run into one ano- 
ther, lb that they cannot be diftinguilhed. Thefe broad 
(hadows and fringes have been reckoned by fome to pro- 
ceed from the ordinary refra&ion of the Air, but with- 
out due examination of the matter. For the circum- 
ftances of the Phenomenon, lb far as I have obferved 
them, are as follows. 
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made in a piece of Lead a fmall Hole with a p- 
vvhofe breadth was the 41th .part of an Inch. V il,! 

C C TV ’1*1 t v-c f * X 1 ( 
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of thofe Pins laid : together took up the breadth otV' 
an Inch. Through this Hole 1 let into mv darlJ , 
Chamber a beam of the Sun’s Light, and found tlnV'i 

lhadows nfHfirs Thrrrl Pine 



lhadows of Hairs,' Thred, Pins, Straws, and fuch like f] ^ 
dep liibfta ncesplaced in this beam of Light, were con (14' 
ably broadqr than they ought to be, if the rays of lJu 
paffed on by thefe Bodies in right Lines. And partiril 
larly a Hair of a Man’s Head, whole breadth was bur 
the 280th part of an Inch, being held in this Light at 
the diftance of about twelve Feet from the Hole did 
caft a lhadow which at the diftance of four Inches from 
the Hair was the fixtieth part of an Inch broad, that is 
above four times broader than the Hair, and at the di- 
fiance of two Feet from the Hair was about theeidit 
and twentieth part of an Inch broad, that is, ten times 
broader than the Hair, and at the diftance often Feet 
was the eighth part of an Inch broad, that is 35 times 
broader. 

Nor is it material whether the Hair be incompaffed 
with Air, or with any other pellucid fubftance. Fori 
wetted a polifted plate of Glafs, and laid the Hair in 
the Water upon the Glafs, and then laying another po- 
lifted plate of Glafs upon it, lb that the Water might 
fill up the ipace between the Glades, I held them in 
the aforefaid beam of Light, fo that the Light might 
pafs through them perpendicularly, and the lhadow 
of the Hair was at the lame diftances. as bis as before. 

Tk 
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_ fh u iows of fcratches made in polifted plates of 
Xhe ; lnadov broader than they ought to be, 

G1 1 thfvdn u pofiUplates of Glafs did alfo caft the 
ft broad lhadow. And therefore the great breadth 
0 V thefe lhadows proceeds from loine other tau e an 

TeftheCircfe'x reprefent the middle of the Hair ; Fig. 
A DG, BEH, CFI, thl ' rera gP^ s , by 0 °R e MPS 

the Hair at fevera! diftances; KNQ, ’ 

three other rays puffing, by the otto hde ot the H 
the like diftances; D, E, F and N, O, r, the places 
where the rays are bent in their railage by the Hair, 
G,H, I and Q, R, s, the places where the rays fell on 
a Paper GQ; I S the breadth of the lhadow of the Hair 
call on the Paper, and T 1 , V S, two rays raffing to the 
points I and S without bending when the Hair is taken 
Lay. And it’s manifeft that all the Light between 
thefe two rays A I and VS is bent m pa fling by the 
Hair, and turned afide from the fhadow lb^ became i 
any part of this Light were not bent it would fall on 
the Paper within the fhadow, and there illuminate the 
Paper contrary to experience. And becaufe when the 
Paper is at a great diftance from the Hair, the lhadow 
is broad, and therefore the rays TI and V S are at a 
great diftance from one another, it follows that the 
Hair a&s upon the rays of Light at a good diftance ill 
their palling by it. But the a&ion is ftrongeft on the 
rays which pafs by at leaft diftances, and grows weaker 
and weaker accordingly as the rays pafs by at diftances 
greater and greater, as is reprefented in the Scheme : 

For thence it comes to pals, that the lhadow of the 
Hair is much broader in proportion to the diftance of 

Q. 4 2 the 
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the Paper from the Hair, when the Paper is 
Hair tnan when it is at a great diftance from ^ 



OBS. II. 

Bodies ( Metals- Stones n , 
Wood Horn, Ice, bvj in this Light were 

with three parallel fringes or bands of coloured P? 
wheieof that which was contiguous to the Ihadm/^ 
broadeft and mo ft luminous, and that which wr ^ 
moteft from it was narroweft, and lo faint, as not! n 
to be vifible. It was difficult to diftinguiffi the CoW ? 
uni els when tire Light fell very obliquely upon a fin l 
t aper, or iome other fmooth white Body, fo as to 
them appear much broader than they would otherjfc 
do. And then the Colours were plainly vifible in ti 
order : 1 he firft or innermoft fringe was violet and det 
blue next the ffiadow, and then light blue, green J 
yellow in the middle, and red without. The fecond 
fringe was almoft contiguous to the firft, and the third 
to the lecond, and both were blue within and yellow 
and red vvithout, but their Colours were very faint 
efpecially thofe of the third. The Colours therefore 
proceeded in this order from the ffiadow, violet, indico 
pa e blue, green, yellow, red ; blue, yellovv^red ; pale 
ue, pale yellow arid red. The ihadows made by 
fcratch.es and bubbles in poliffied plates of Glafs were 
bordered with the like fringes of coloured Light. And 
it plates of Looking-glafs {loop’d off near the edges with 
a Diamond cut, be held in the lame beam of Light, the 
Dight which paffes through the parallel planes of the 
Olafs will be be bordered with the like fringes of Co- 
lours 



[117] 

lours where thofe Planes meet with the Diamond cut, 
an d by this means there will fometimes appear four or 
five fringes of Colours. LetAB, CD reprefent the Ftg. 
parallel planes of a Looking-glafs, and BD the plane 
of the Diamond-cut, making at B a very obtule Angle 
with the plane A B. And let all the Light between the 
rays ENIand FBM pals diredfly through the parallel 
planes of theGlafs, and fall upon the Paper between I 
and M, and ail the Light between the rays G O and 
HD be refratted by the oblique plane of the Diamond 
cut B D,and fall upon the Paper between K and L ; and 
the Light which paffes diredtly through the parallel 
planes of the Glafs, and falls upon the Paper between 
I and M, will be bordered with three or more fringes 
at M. 

O B S. II L 

When the Hair was twelve Feet diftant from the 
Hole, and its ffiadow fell obliquely upon a flat white 
fcale of Inches and parts of an Inch placed half a Foot 
beyond it, and alfo when the ffiadow fell perpendicu- 
larly upon the fame fcale placed nine Feet beyond it j 
I meafured the breadth of the ffiadow and fringes as 
accurately as I could, and found them in parts of an 
Inch as follows. 



The 
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At the dijlttnce of 



T he breadth of the Shadow 



Kim 

feet, 



The breadth between the middles of the 
brighteft Light of the innermoft fringes 



on either iide the fhadow 



The breadth between the middles of the 
brighteft Light of the middlemoft frin 
ges on either fide the fhadow 



I he breadth between the middles of the 
brighteft Light of the outmoft fringes 
on either fide the fhadow 



The diftance between the middles of the 
brighteft Light of the ftrft and fecond 
fringes 

The diftance between the middles of the 
brighteft Light of the fecond and third 
fringes 



X lie breadth of the luminous part (green, 
white, yellow and red ) of the firft 
fringe 



1 lie breadth of the darker Ipace between 
the firft and fecond fringes. 

The breadth of the luminous part of the 
fecond fringe 

i he breadth of the darker Ipace between 
the fecond and third fringes. 
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Thefe meafures I took by letting the fhadow of the 
rr j r at half a Foot diftance fell lb obliquely on the 
S e as to appear twelve times broader than when it 

[d perpendicularly on it at the lame diftance, and fet- 
* i . »i.:„ T a Klo thr twelfth Dart ot the mea- 
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When the fhadow and fringes were caft obliquely 
upon a fmooth white Body, and that Body was remo- 
ved further and further from the Hair, the firft fringe 
began to appear and look brighter than the reft of the 
Light at the diftance of lefs than a quarter of an Inch 
from the Hair, and the dark line or fhadow between, 
that and the fecond fringe began to appear at a lefs di- 
ftance from the Hair than that of the third part of an 
Inch. The fecond fringe began to appear at a diftance 
from the Hair of lefs than half an Inch, and the fhadow 
between that and the third fringe at a diftance lefs than 
an Inch, and the third fringe at a diftance lefs than three 
Inches. At greater diftances they became much more 
fenfible, but kept very nearly the fame proportion of 
their breadths and intervals which they had at their firft 
appearing. For the diftance between the middle of the 
firft and middle of the fecond fringe, was to the diftance 
between, the middle of the fecond and middle of the 
third fringe, as three to two, or ten to feven. And 
the laft of thefe two diftances was equal to the breadth 
of the bright Light or luminous part of the firft fringe. 
And this breadth was to the breadth of the bright Light 
of the fecond fringe as feven to four, and to the dark 

interval 
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interval of the firft and fecond fringe as three . 
and to the like dark interval between the l'ecn 
third as two to one. For the breadths of the e ■ ^ 
ieemed to be in the progreffion of the numbers i 

L i and their interi/nlc t f m f-tan ? ^ ^ 



l/ i f and their intervals to be in the feme p r0 iwr ” 
with them ; that is, the fringes and their interval 1011 
gether to be in the continual progreffion of the nnJ to ' 

>, /-r-I. f'i, // s S or thereabouts. And theS 
portions held the lame very nearly at all diftanc« l 
the Hair ; the dark Intervals of the fringes bein n °^ 
broad in proportion to the fringes at their firft aD[ h h 
ranee as afterwards at great di fiances from the h^' 
though not fo dark anddiftiifei:. nair i 



O B S. V. 

The Sun fluffing into my darkened Chamber through 
a Hole a quarter ot an Inch broad ; I placed at the di 
ftance of two or three Feet from the Hole a Sheet of 
Paft-board, vvhich was black’d all over on both fide? 
and in the middle of it had a Hole about three Quarters 
ot an Inch fquare for the Light to pafs through And 
behind the Hole I fattened to the Pall-board with Pitch 
the blade of a ffiarp Knife, to intercept fome part of 
the Light vvhich patted through the Hole. The planes 
of the Faff -board and blade of the Knife were parallel 
to one another, and perpendicular to the rays. And 
y vhen they were fo placed that none of the Sun’s Light 
fell on the Paft-board, but all of it patted through the 
Hole to the Knife, and there part of it fell upon the 
blade of the Knife, and part of it patted by its edge : 
^ .let this part of the Light vvhich patted by, fall on a 

white 
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white Paper two or three Feet beyond the Knife, and 
there faw two ftreams of faint Light ffioot out both 
. ViSV5 from the beam of Light into the ilmdow like the 
tails of Comets. But becaufe the Sun’s diredt Light by 
its brffihtnefs upon the Paper obfeured thefe faint 
ftreams, fo that I could fc arc e fee them, I made a little 
Hoie in the midft of the Paper for that Light to pafs 
through and fall on a black cloth behind it ; and then 
I law the two ftreams plainly. I hey were like one 
another, and pretty nearly equal in length and breadth, 
and quantity of Light. 1 heir Light at that end next 
the Sun’s direct Light was pretty ftrong for the fpace of 
about a quarter of an Inch, or half an Inch, and in al! 
its progrefs from that dired Light decreafed gradually 
till it became infenftble. The whole length of either of 
thefe ftreams meafured upon the Paper at the diftance 
of three Feet from the Knife was about fix or eight 
Inches * fo that it fubtended an Angle at the edge of 
the Knife of about io or n, or at moft 14 degrees. 
Yet fometimes I thought 1 faw it fhoot three or four 
degrees further, but with a Light fo very faint that I 
could fcarce perceive it, and fulpedfed it might ( in 
feme meafure at leaft) arife from feme other caufe than 
the two ftreams did. For placing my Eye in that Light 
beyond the end of that ftream which was behind the 
Knife, and looking towards the Knife, I could lee a 
line of Light upon its edge, and that not only when 
my Eye was in the line of the ftreams, but alfo when 
it was without that line cither towards the point of the 
Knife, or towards the handle. This line of . Light ap- 
peared contiguous to the edge of the Knife, and was 
narrower than the Light of the innermoft fringe, and 

B- r narroweft 
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namjweft when my Eye was fur theft from the c r 
Light, and therefore feemed to pafs between the T;^ 
of that fringe and the edge of the Knife , ant | 2; 
which pa fled neareft the edge to be moft bent h-, , 

not all of it. ’ Ilou f 

OBS, VI. 

I placed another Knife by this fo that their ed 
might be parallel and look towards one another fl i 
that the beam of Light might fall upon both the Knives 
and fome part of it pafs between their edges. And 
when the diftance of their edges was about the 4. 0 oth 
part of an Inch the ftreatn parted in the middle and 
left a fhadow between the two parts. This fhadow 
was fo black and dark that all the Light which palled 
between the Knives feemed to be bent, and turned afide 
to the one hand or to the other. And as the Knives dill 
approached one another the fhadow grew broader and 
the ftreams fhorter at their inward ends which were 
next the fhadow, until upon the contact of the Knives 
the whole Light vanifhed leaving its place to the 
fhadow. 

And hence I gather that the Light which is leaf! 
bent, and goes to the inward ends of the ftreams, paf. 
fes by the edges of the Knives at the greateft diftance, 
and this diftance when the fhadow begins to appear be- 
tween the ftreams is about the eight- hundredth part of 
an Inch. And the Light which paffcs by the edges of 
the Knives at diftances ftill lefs and Ids is more and 
more bent, and goes to thofe parts of the ftreams which 
are further and further from the direct Light, becaufe 

when 
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t the Knives approach one another till they touch, 
7 h fc mrtsof the ftreams vanilh laft which are furtheft 
from the direct Light. 

OBS. VII. 

In the fifth Obfervation the fringes did not appear, 
b „t by reafon of the breadth of the Hole in the Win- 
,i ow licame fo broad as to run into one another, and 
by oyning make one continued Light in the beginning 
of the ftreams. But in the fixth, as the Knives ap- 
nroached one another, a little before the fhadow ap- 
peared between the two ftreams, the fringes began to 
appear on the inner ends of the ftreams on either fade 
of the dired Light, three on one fide made by the edge 
of one Knife, and three on the other fide made by the 
edge of the other Knife. They were diftin&eft when 
the Knives were placed at the greateft diftanle from the 
Hole in the Window, and ftill became more diftin£t by 
making the Hole lefs, mfomnch that I could fometimes 
fee a faint lineament of a fourth fringe beyond the three 
above-mentioned. And as the Knives continually ap- 
proached one another, the fringes grew diftin&er and 
larger until they vanifhed. The outmoft fringe va- 
niftied firft,. and the middlemoft next, and the inner- 
moft laft. And after they were all vanifhed, and the 
line of Light which was in the middle between them 
was grown very broad, enlarging it felf on both fides; 
into the ftreams of Light deferihed in the fifth Obfer- 
vation, the above-mentioned fhadow began to appear 
in the middle of this line, and divide it along the middle 
into two lines of Light, and increafed until the whole 

R r a Light 
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Light vanifhed. This inlargement of the fianges 
fo great that the rays which go to the innermoft 
feemed to be bent above twenty times more whei/ h? 
fringe was ready to vanifhythan when one of the Ki ‘ 
was taken away. 

And from this and the former Obfervation coinn 3 A 
I gather, that the Light of the firft fringe paffed byri, 
edge of the Knife at a diftance greater than the ekh 
hundredth part of an Inch, and the Light of the fecM 
fringe paffed by the edge of the Knife at a greater °d' 
fiance than the Light of the firft fringe did, and tl \ 
of the third at a greater diftance than that of the 
cond, and that of the ft reams of Light defcribed in 
the fifth and fixth Obfervatiohs paffed by the edges 
of the Knives at lefs diftances than that of any of the 
fringes. 



S. VIII. 



I caufed the edges of two Knives to be ground truly 
ftreight, and pricking their points into a board fo that 
their edges might look towards one another, and meet- 
ing near their points contain a rectilinear Angle, I &§, 
ned their handles together with Pitch to make this 
Angle invariable. The diftance of the edges of the 
Knives from one another at the diftance of four Indies 
from the angular point, where the edges of the Knives 
met, was the eighth part of an Inch, and therefore the 
Angle contained by the edges was about i degr. 54. 
The Knives thus fixed together I placed in a beam of 
the Sun’s Light, let into my darkened Chamber through 
a Hole the 41th part of an Inch wide, at the diftance 

of 
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r fifteen Feet from the Hole, and let the .Light 
° f p“ mifod between their edges fall very obliquely 
which p w hite Ruler at the diftance of halt an 
r ,af Tn nch“!e Knives, and there fa w the 
IiA 01 i w the two edcres of the Knives run along 
thefdges of the fliadows of the Knives in HnesgiralM 
m thole edges without growing fenfibly bioaaei , , til 
Iv .net in Andes equal to the Angle contained by the 
£ of the Knives, and where they met audjoyned 
they ended without crolnng one another, but it h 
Ruler was held at a much greater diftance from th 
pL the fringes became fomething broader and broader 
as Sey approached one another, and after they met 
they crofted ohe another, and then became much broadei 

th Whence e "l gather that the diftances at which the 
fringes pafs by the Knives are not increafed nor altered 
by the approach of the Knives, but the Angles m which 
the rays are there bent are much increaied by that ap- 
proach ; and that the Knife which is neareft any ray 
determines which way the ray fhall be .bent, and the 



OBS. IX. 

When the rays fell very oblique :y upon the Ruler at 
the diftance of the third part of an Inch from the Knives, 
the dark line between the firft and fecona fringe of the 
ihadow of one Knife, and the dark mie between the 
firft and fecond fringe of the Ihadow of the other- Knife 
met with one another, at the diftance of the i fifth part 
of an Inch from the end of the Light which palled be- 
tween 
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tween the Knives at the concourfe of their ed 
therefore the diftance of the edges of the Knivp eS * ^ 
meeting of thefe dark lines was the 1 6 oth p-^! 
Inch* For as four Inches to the eighth part of ? 511 
fo is any length of the edges of the Knives lr "H 
from the point of their concourfe to the diftance c ^ 
edges of the Knives at the end of that length zJr* 
the fifth part of an Inch to the 1 6 oth part So th ° 
dark lines, above-mentioned meet in the middle ? 
Light which pafifes between the Knives where tb 
diftant the t6oth part of an inch, and the one ly?/ 1 * 
that Light pafifes by the edge of one Knife at a dfft 
not greater than the 5 aoth part of an Inch, and Sy 
upon the Paper makes the fringes of thefhidow of S 
Kmfe, and the other half pafifes by the edge nf a 
other Knife, at a diftance not greater than the Mnrt 
part of an Inch, and falling upon the Paper makes* the 
triages ot the ftiadow of the other Knife. Bat if h 
Paper be held at a diftance from the Knives greater tZ 
the third part of an Inch, the dark lines above-men 
tioned meet at a greater diftance than the fifth pan of 
an Inch from the end of the Light which pafled be- 
tween the Knives at the concourfe of their edges* and 
therefore the Light which falls upon the Paper where 
thofe dark lines meet pafifes between the Knives 
where their edges are diftant above the 1 6 oth part of 
an Inch. 

for at another time when the two Knives were di« 
ftant eight Feet and five Inches from the little Hole in 
the \\ i ndow, made with a fmall Pin as above, the Light 
which fell upon the Paper where the aforefaid dark 
lines met. pafifed between the Knives, where the & 

fiance 
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w«rppn their edges was as in the following 
xS^when the diftance of the Paper from the Knives 






alfo as follows. 




Defiances of the Paper 
jrom the jfjiiues in 

Inches. 



ijtances between me ea^ 
of the Kjiives in mil 
fmal parts of an Inch . 



And hence I gather that the Light which makes the 
fringes upon the Paper is not the fame Light at all ql- 
ftances of the Paper from the Knives, but when the Pa- 
per is held near the Knives, the fringes are made by 
Light which pafifes by the edges of the Knives at a lets 
diftance, and is more bent than when the 1 apei is held 
at a greater diftance from the Knives. 



OBS, X. 



When the fringes of the fbadows of the Knives fell 
perpendicularly upon a Paper at a great diftance from 
the Knives, they were in the form of Hyperbolas, and 
their dimenfions were as follows. Let GA, CB repre- 
fent lines drawn upon the Paper parallel to the edges of 
the Knives, and between which all the Light would 
fell, if it pafifed between the edges of the Knives with- 
out inflexion; D E a right line drawn through C making 

the 
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the Angles A CD, BCE, equal to one another 



'dn 
fkt. 



terminating all the Light whith tails upon the Pane 
the point where the edges of the Knives meet /eis * 
and glv, three hyperbolical lines reprefentinn t r! 
minus of the ftiadow of one of the Knives, the da k 
between the hr ft and fecond fringes of that Ihadow 
thc dark line between the fecond and third f r j n ’ 
the lame ftiadow ; x i p, y k q and z 1 r, three other 
perbolical lines reprelenting the terminus of the fL 
of the other Knife, tlie dark line between the firft 00 j 
lecond fringes of that fhadow, and the dark line 
tween the fecond and third fringes of the fame fhadov 
And conceive that thele three Hyperbolas are like a 'a 
equal to the former three, and crofs them in the points 
i, k and 1, and that the fhadows of the Knives are tern/ 
mated and diftinguifhed from the firft luminous fringes 
by the lines e is and xip, until the meeting and crof. 
fing of the fringes, and then thofe lines crofs the fringes 
in the form of dark lines, terminating the firft luminous 
fringes within fide, and diftinguifhing them from ano- 
ther Light which begins to appear at i, and illuminates 
all the triangular fpace ipDEs comprehended by thefe 
dark lines, and the right line DE. Of tliele Hy- 
perbolas one Afymptote is the line D E, and their other 
Afympt6tes are parallel to the lines C A and CB. Let 
r v reprefen t a line drawn any where upon tlie Paper 
parallel to the Afymptote DE, and let this line crofs 
the right lines A C in m and BC in n, and the fix dark 
hyperbolical lines in p, q, r ; s, t, v ; and by meafuring 
the diftances p s, q t, r v, and thence collecting the 
the lengths of the ordinates np, nq, nr or ms, mt, 
mv, and doing this at feveral diftances of the line rv, 

from 
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, rtm the Afvmptote DE you may find as many points 
f V thefe Hyperbolas as you pleafe, and thereby know 
thar thefe c/rvelines are Hyperbolas differing little from 
Z conical Hyperbola. And by mealuring tlie lines 
ct, Ck, Cl", you may find other points of thefe 

^Fofinftance, when the Knives were diftant from the 
Hole in the Window ten Feet, and the Papet from the 
Knives 9 Feet, and the Angle contained by the edges 01 
the Knives to which the Angle ACB is equal, was lub- 
tended by a chord which was to the Radius as 1 to 5 2, 
and the diftance of the line r v from the Afymptote D E 
was half an Inch : I meafured the lines p s, q t, r v, 
and found them 0^5, 0*65, 0*98 Inches refpedively, 
and by adding to their halfs the line-1 mn (which here 
was the 1 28th part of an Inch, or o’ 0078 Inches ) the 
funis up, n q, nr, were o’ 1828, 0*3328, 0*4978 In- 
ches. 1 meafured alfo the diftances of the brighteft 
parts of the fringes which run between pqarid st, qr 
and tv, and next beyond r and v, and found them 0*5, 



O B S. XI. 

The Sun fhining into my darkened Room through a 
fmall round Hole made in a plate of Lead with a ilender 
Pin as above ; I placed at the Hole a Prifrn to refraCt 
the Light, and form on the oppofite Wall the Sped ruin 
of Colours, defcribed in the third Experiment of the 
firft Book. And then I found that the fhadows of all 
Bodies held in the coloured Light between the Prifm 
and the Wall, were bordered with fringes of the Colour 

S s of 
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of that Light in which they were held. In the full r f 
Light they were totally red without any feu fib] e bl^ 
or violet, and in the deep blue Light they were tot iT 
blue without any fenfible red or yellow ; and. io j n to 
green Light they were totally green, excepting a lit ? 
yellow and blue, which were mixed in the green Lbi 2 
of the Prifm. And comparing the fringes made i n fu 
l'everal coloured Lights, 1 found that thcfe made i R tff 
red Light were largeft, thole made in the violet Wer C 
lead, and thofe made in the green were of a middb 
bigncls. For the fringes with which the lhadow 0 f e 
Man’s Hair were bordered, being meafured crofs the 
lhadow at the diftance of fix Inches from the Hair * the 
diftance between the middle and moft luminous part of 
the firft or innermoft fringe on one fide of the lhadow 
and that of the like fringe on the other fide of the 
dow, was in- the full red Light ^ of an Inch, and in 
the full violet And the like diftance between the 
middle and moft luminous parts of the fecond fringes on 
either fide the lhadow was in the full red Light and 
in the violet ~ of an Inch. And thefe diftances of the 
fringes held the fame proportion at all diftances from 
the Hair without any feniible variation. 

So then the rays which made thefe fringes in the red 
Light palled by the Hair at a greater diftance than thofe 
did which made the like fringes in the violet pand there- 
fore the Hair in caufing thefe fringes added alike upon 
the red Light or leaft refrangible rays at a greater di- 
ftance,: and upon the violet or moft refrangible rays at 
a lefs diftance, and by thofe adtions difpofed the red 
Light into larger fringes, and the violet into lhaller, 
and the Lights, of intermediate Colours into, fringes or. 

inter- 



mediate bignfes without changing the Colour of 

of any fort of Light. firft and fecond ot 

When therefore tIie ™ ‘ ^ white beam of the 

c n’-Tiffht but whenever fepaaated compote Lights 
of die Several Colours which they, are origin* dilpo- 
fed to exhibit. In this i ?th Observation, wheie the 
Wou« are feparated before the Light paffes by the 
Hair the leaft refrangible rays, which when ep. 
ted /rom the reft make red, 4 re infleGed at a grea er 
diftance from the Hair, fo as to make three jed tog© 
a! a greater diftance from the middle of the lhadow of 
the Hair 5 and the moft refrangible rays which when 
feparated make violet, were mfle^ed at a lefs diftanc 
dm the Hair, fo as to make three violet tnnges * at a 
lefs diftance from the middle of the lhadow of the Ham 
And other rays of intermediate degrees of reirangtbi- 
lity were inflected at intermediate diftances from the 
Hair, fo as: to make fringes of intermediate Colours at 
intermediate diftances from the middle of the lhadow 
of the Hair. And in the fecond Observation, where 
all the Colours are mixed in the white Light which 
paffes by the Hair, thefe Colours are feparated by the 
various inflexions of the rays, and the fringes which 
they make appear all together , and the innenrtonS 
J Ss 7 fringes 
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fiinges being contiguous make one broad frin^ 
fed of all _ the Colours in due order the v£i C0ID I® 
on the inhde of the fringe next the Ihadow, the* ¥ n § 

onHirfp n i ^ ^ TpH 



the outfide fartheft from the (hadow, and It re * “» 
green and yellow, in the middle. And, in Kt? 
ner, the middlemoft fringes of all the Colours W 
order, and being contiguous, make another hr mA& - 

mmnnfppf r\ f oil i i 
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of all the Colours lying in order, andbeina conti ^ 
make a third broad fringe compofed ofahthe r|, Uoils > 
Thele are the three fringes of coloured Light ° Ur5, 
which the fhadows of all Bodies are bordered 1 ti 
eond Obfervation. 11 tlle ie- 

When I made the foregoing Obfervations, I defi. j 
to repeat moft of them with more care and exafl^r^ 
and to make lome new ones for determining the ml'’ 
ner how the ray s of Light are bent in their paffaS 
Bodies for making the fringes of Colours with t„! 
dark lines between them. But I was then intern! 
ted and cannot now think of taking thele things il 
further confideration. And lince I have not ftnifhed 
this part of my Defign, I (hall conclude, with prL 
fingonly lome Queries in order to a further fa?ch , 0 
be made by others. 

1 ; D °. not Bodies a a upon Light at a diftance, 
and by their affirm bend its rays, and is not this adion 
(cherts fartim) ftrongeft at the lead diftance ? 
j-j ?; Do not the rays which differ in refrangibilitv 
diner alfo m flexibility, and are they not by their dir- 
eient inflexions feparated from one another 5 fo as 
after reparation to make the Colours in the three fringes 

above 
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, b0 ve deferibed ? And after what manner are they ra- 
ided to make thofe fringes ? . . 

Su 3 Are not the rays of Light in paffing by the 
.if and fides of Bodies, bent feveral times back wards 
anci forwards, with a motion like that of an Eel ? And 
do not the three fringes of coloured Light above-man- 
boned, arile from three fuch bendings? 

%. 4. Do not the rays of Light which fall upon Bo- 
rfc and are reflected or refold, begin to bend be- 
fore they arrive at the Bodies ; and are they not re- 
flected, refracted and inflected by one and the lame 
Principle, acting varioufly in various circumstances . 

$u. 5. Do not Bodies and Light aft mutually upon 
one another, that is to fay, Bodies upon Light in emit- 
ting, reflecting, refracting and infleaing it, and Light 
upon Bodies for heating them, and putting their parts 
into a vibrating motion wherein heat con flits ? 

4§t. 6. Do not black Bodies conceive heat more eaflly 
from Light than thofe of other Colours do, by reafon 
that the Light falling on them is not reflected outwards, 
but enters the Bodies, and is often reflected and re- 
fracted within them, until it be ftifled and loft ? 

<$u. 7.. Is not the ftrength and vigor of the aCtion 
between Light and fulphureous Bodies obferved above, 
one reafon why fulphureous Bodies take fire more 
readily, and burn more vehemently , then other Bo- 
dies do ? 

$u. 8. Do not all fixt Bodies when heated beyond a., 
certain degree, emit Light and Ihine, and is not this 
emiflion performed by the vibrating motions of their 
parts ? 
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9- Is not fire a Body heated fo hot as 



ties 



Light copioufly ? For what elfe is a red hot Ir ^ 
fire? And what elfe is a burning Coal than rV^ 
Wood? hot 

<%. io. Is not flame a vapour, fume or exh 1 
heated red hot, that is, fo hot as to ihine? F or Vjj 
do not flame without emitting a copious fume a aF 
fnnye burns in the flame. The Ignis Fat urn is a 1 ^ Is 
ihining without heat, and is there not the fame I? 
fence between this vapour and flame, as between ' 
ten Wood fhining without heat and burnina Cml^ 
fire ? In diftilling hot Spirits, if the head of the ftij[ j? 
taken off, the vapour which afcends out of the Still ii 
take fire at the flame of a Candle, and turn into fljJ 
and the flame will run along the vapour from the Candle 
to the Still. Some Bodies heated by motion or fetmen 
tation, if the heat grow intenfe fume copioufly, and if 
the heat be great enough the fumes will fliine and be. 
come flame. Metals in fufion do not flame for want of 
a copious fume, except Spelter which fumes copioufly 
and thereby flames. AH flaming Bodies, as Oyl, Td 
low, Wax, Wood, foflll Coals, Pitch, Sulphur, by 
flaming wafte and vanifti into burning fin ok e, which 
fmoke, if the flame be put out, is very thick and vifible 
and fometimes finells ftrongly, but in the flame lofa 
its fmell by burning, and according to the nature of the 
fmoke the flame is of feveral Colours, as that of Sal* 
phur blue, that of Copper opened with Sublimate 
green, that of Tallow yellow. Smoke palling through 
flame cannot but grow red hot, and red hot finoke can 
have no other appearance than that of flame. 



S>>U, II. 
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„ , , Do not great Bodies conferve their heat the 

their parts heating one another, and may not 
10110 Anfe 11 d fix’d Bodies, when heated beyond a 
decree, emit Light fo copioufly, as by the emif- 

fnn'and reaction of its Light, and the reflexions and 
Ssofits rays within its pores to grow ftill hot- 
Sf riU it comes to a certain period of heat, fuchas is 
rhat of the Sun ? And are not the Sun and fix d Stars 
i t Earths vehemently hot, whole heat is conferved 
HU crreatnel's of the Bodies, and the mutual action 
and reaction between them, and the Light which they 
™it and whole parts are kept trom turning away, not 
only'by their fixity, fast allb by the vaft weight and 
denlitv of the Atmofpheres incumbent upon them, and 
verv ftrongly comprefling them, and condenhng the va^ 
poms and exhalations which arife from them ? 

F 1 a. Do not the rays of Light m falling upon the 
bottom of the Eye excite vibrations in the Tunica re - 
tina ? Which vibrations, being propagated along the 
folid fibres of the optick Nerves into the Brain, caule 
the fenfe of feeing. For becaufe denle Bodies conferve 
their heat a long time, and the denfeft Bodies conlerve 
their heat the longeft, the vibrations of their parts are 
of a lafting nature, and therefore may be propagated 
along folid fibres of uniform denfe matter to a great di- 
ftance, for conveying into the Brain the impreffions 
made upon all the Organs of fenle. For that motion 
which can continue long in one and the fame part of a 
Body, can be propagated a long way from one part to 
another, fuppofing the Body homogeneal, fo that the 
motion may not be reflected* refrafted, interrupted or 
difordered by any unevennefs of the Body. 
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*%• 1 3 * Do not feveral fort of rays make vih 
of feveral bigneffcs, which according to their k la ^° lls 
excite fenfations of feveral Colours, much a f^ ne ^ 
manner that the vibrations of the Air, according ^ % 
feveral bigneffes excite fenfations of feveral f ° ^ 
And particularly do not the moft refrangible ? 
cite the fhorteft vibrations for making a fenfaf S £Xj 
deep violet, the lead refrangible the larged for nr?’ 
a fenfation of deep red, and the feveral interm^’ 8 
forts of rays, vibrations of feveral intermediate b* • 
les to make fenfations of the feveral intermediator 1 ' 
lours ? e 

14. May not the harmony and difcord of C 
lours arii'e from the proportions of the vibrations Dm °’ 
gated through the fibres of the optick Nerves into tT 
Brain, as the harmony and difcord of founds arifes ft/ 
the proportions of the vibrations of the Air ? For f 0 j* 
Colours are agreeable, as thole of Gold and Indico a J 
others difagree. ’ 

1 5 ; Are not the Species of Objects feen with both 
Eyes united where the optick Nerves meet before 
they come into the Brain, the fibres on the right fide 
of both Nerves uniting there, and after union going 
thence into the Brain in the Nerve which is on the 
right fide of the Head, and the fibres on the left fide 
of both Nerves uniting in the fame place, and after 
union going into the Brain in * the Nerve which is on 
the left fide of the Head, and thefe two Nerves meet- 
ing in the Brain in fuch a manner that their fibres 
make but one entire Species or Picture, half of which 
on the right fide of the Senforium comes from the 
right tide of both Eyes through the right fide of 

both 
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, +vir Nerves to the place where the Nerves 
bC rt 'and from thence on the right fide of the Head 
■"^he Brain, and the other half on the left fide of the 
i r riiim comes in like manner from the left fide of 
tfth°Fves. For the optick Nerves of fuch Animals as 
, b 0 ° 0 t the fame way with both Eyes ( as of Men, Dogs, 
Oxen, tic. ) meet before they come into the 
Bain 1 : ’ but the optick Nerves of fuch Animals as do 
Sok the fame way with both Eyes (as of Fite and 
of the Chameleon) do not meet, if I am ng y 

f0 X d i 6. When a Man in the dark preffes either cor- 
ne^of his Eye with his Finger, and turns his Eye away 
from his Finger, he will fee a Circle of Colours like 
thofe in the Feather of a Peacock’s Tail . Do not thefe 
Colours arife from fuch motions excited in the bottom 
of the Eye by the preffure of the Finger, as at other 
times are excited there by Light for caufing Vihon r And 
when a Man by a ftroke upon his Eye fees a r lain of 
Light, are not the like Motions excited in the Rettna 
by the ftroke ? 
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ENUMERATIO 



linearum 

tertii ordinis. 



r lues Geometric® fecundum numerum dimen- 

. fionum squatioms qua relatio inter Ordma a iim , 

iAbl'ciffas definite, vel (quod perinde eft)1emn- 
lum numerum puiiftorum in quibus a lma leSa 
lari poffunt, optima diftmguuntur in Ordme, 
lua ratione linea primi Ordinis ent Re3a fola, ex 
"ecundi five quadratic! ordinis erunt fe&ionesConicse 
l Cir cuius, & eae tertii five cubici Ordinis Parabola 
Cubica, Parabola Neiliana Ciffois veterum &reh- 
quae quas hie enumerate fuicepimus. Curva autem 
primi generis, (fiquidem refta mter Gums non eft 
numeranda) eadem eft cum Lmea fecundi Ordinis, 

St Curva fecundi generis eadein cum Lmea Ordinis 
tertii. Et Linea Ordinis infinitefimi ea . eft quam. 
refta in pun&is infinitis tecare poteft, qualis eft Spi- 
ralis, Cyclois, duadratrix & linea omnis quae per 
radii vel rot# revolutions infinity generatur. 
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nm competent priet ates Curvarum mcundi generis & rdibusn 1 ^ r °' 
*urvufuftrn>rtm ex p e q Uent i proprietatum prsecipuarum enu 

tione conftabit. Qlera * 

Nam fi revise pluresparalleh? Sc ad conicam r 
Curvarum ft- fti onem utrinq; terminate ducantur, refta An e “ 

dinau, Diame- rum bftecans buecabit alias omnesqde'oq; d icit U r Ty 
t £f’ e ™- ces ' Cen ~ meter figure & reft* bdeft* dicuntur Ordinatim T 
plicate ad Diametrum, & concurlus omnium p), ' 
inetrortim eft Centrurnkmrz, 8c intericftio CurvJt 
diametri Vertex nominatur, 8c diameter ilia A ft 
eft cui ordinatim applicatse inftftunt ad angulos re' 
ftos. Et ad eutxlem modura in Curvis fecundic e ' 
neris, ft reftce du® qusevis parallel® ducantur occur 
rentes Curvce in tribus punftis : refta. qua ita f ecat 
haspafallelas utfmnma duarum partium, ex uno fe. 
eantis latere ad curvam terminatarum. squetur parti 
tertiae ex altero latere ad curvam terminate, eodem 
inodo fecabit omnes alias his parallelas curvaiq; in 
tribus punftis occurrentes reftas, hoc eft, ita ut lam- 
ina partium duarum ex uno ipfius latere Temper 
sequetur parti tcrti® ex altero latere. Has itaq* ties 
partes qu® hinc inde sequantur, Ordinatim apdu 
cata& 8c refta ra Tecantem. cui ordinatim applicants 
* TXiametrum 8c interfeftionem diametri & cur vttVec 
ticem 8c concurfum duarum diame.tro.runi Centrum 
nominare licet. Diameter autem ad Ordinatas re- 
ftangula fi modo aliqua fit, etiam Axis did poteft, 
8c ubi omnes. diametri in eodem punfto concurrunt 
iftud erit Centrum. generate,.. 
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Hyperbola priori generis duas dfymmios, ea te- 
P \. rP c ea tertii quatuor 8c non pluies habeie po- earm frtfn##- 
if & & "n rellquis. Et quemadmodum partes- 
finece cujufvis reft® inter Hyperbolam Come am. o^ 
j uas e i U s ATymptotos funt hinc inde sequales : lie. in 
Hypeibolis lecundi generis ft ducatur refta wxvis 
fecans tarn Curvam quam tres pas Afymptotos in 
n ibus punftis, fumma duarum partium lltius refta: 
ousea duohus quibufvis Alymptotis m eandem pla- 
L m ad duo punfta Curvre extenduntur aquahs errt 
parti tertiae qure a tertia Afymptoto in plagam con- 
trariam ad tertium Curyae punftum extenditur. 

Et quemadmodum in Comas feSionibus non Pa- ^ 

rabolicis quadratum Ordinatim appheata, hoc 
rectangulum Ordinatarum quae ad contranas par- 
tes Diametri ducuntur, eft adu'eftangulum partium 
Diametri quae ad Vertices EUIpieos vei Hypeibolai 
terminantur,ut. data quardam linea qure dicitur Latw> 
rectum , ad partem diametri quae inter Vertices jacet 
8c dicitur Lati/s tranfverjum ■ he in Curvis non Para- 
bolicis lecundi generis Parallelepipedum fub tribus 
Ordinatim applicatis eft ad Parallelepipedum fub par- 
tibus Diametri ad Ordinatas 8c tres V erticeshgurae ab- 
feiffis, in ratione quadam data : in qua ra tione ft lu- 
mantur tres refta ad tres partes diametri inter ver- 
tices figure fitas fin guise ad lingulas, tunc ill® tres, 
refta did poffunt Later a recta figure, 8c. ills partes, 

Diametri inter Vertices Later a tranfverfa, Et ficut 
in Parabola Conica quae ad unam 8c eandem . diame- 
trum unicum tantum habet Verticem, reftangulum. 
lubOrdinatis sequatur reftangulo fub parte Diametri 
quoe ad . Ordinatas Sc Verticem abfeinditur & refta, 
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quadam data quae Latus redtum dicitur,fic in r 
iecundi generis quae non nift duos habent Vert’ UfV * s 
eandem Diametrum, Parallelepipedum lubOrd^ ^ 
tribus aequatur Parallelepipedo tub duabus n ln ?' s 
Diametri adOrdinatas & Vertices illosduos abr^ 3 
& redta quadam data qux proinde Latm . » 
dici poteft:. )ec h 

Deniq; licut in Conicis fectionibus ubi du$ 
leltE ad Curvam utrinq; terminate fecantur 
bus parallelis ad Curvam utrinq; terminals • 
a tertia & lecunda a quarta, rectangulum n a ^' ma 
primae eft ad redangulum partium tertise ut refl* 01 
gulum partium fecund® ad redangulum narK 
quarts:: fic ubi quatuor tales red® occurruntCu Um 
iecundi generis fingute in tribus puniftk pa ra ]UL 
pipedum partium prims reels erit ad paralleleoitl 
dum partium ttrtfe, ut parallelepipedum pa^ 
fecund® ad parallelepipedum partium quart® 
wn aHh Cumrum iecundi & fuperiorum generum sow 
bo Uc a &Parabo- atq; primi crura omnia in infinitum pro<nedientb 
' um f u ~ vel Hyjgrfalici funt generis vel Tarahlm.^C rus jfy, 
ferboheum voco quod ad Afymptoton aliquam in j£ 
fin i turn appropinquat, TaroMicum quod Afymptoto 
deftitmtur. Ha?c crura ex tangentibus optime dig- 
nofeuntur. Nam fipundum con tad us in infinitum 
abeat tangens cruris Hyperbolici cum Afymptoto 
coincide L 6c tangens cruris Parabolici in infinitum 
lecedet, e 1 anefeet 6c nullibi repenetur. Invenitur 
igitur Alymptotos cruris eujufvis qumrendo tangen- 
tern cruris illius ad pundum infinite diftans. PJaga 
an tern cruris infiniti invenitur queerendo pofitionem 
eujufvis quae tangenti parallel eft ubi pun- 

6tuin 



Rm contaflus in infinitum abit. Nam hsc refla 
: pqndem piagam cum crure infinite dirigitur. 

111 Line* omnes Ordinis primi, tertii, quinti, fep- 

el mi Sc 1 in paris cuiufq; duo liabent ad minimum varum ommum 

tu ia : n infinitum verfus plagas oppofitas progre-^^/^tW,^ 

rruia m lniliuium j- p ir, , A , I *, aquationum capiS 

dientia. Et lines omnes ter tn Ordinis duo habent 9(Wf(wr< cafes 

eiufmodi crura in plagas oppofitas progredientia in 

ciuas nulla alia earum crura infinita (prteterquam 

in Parabola Carteliana ) tendunt. Si crura ilia 

iint Hyperbolici generis, fit GAS eoium Afynip- 

totos Sc huic parallela agatur re£ta quffivis CBc 

a d Curvam utrinque ( fi fieri poteft ) termmata 

eademq; bifecetur in pundoX, & locus punai f 

lius X erit Hyperbola Conica ( puta X ^ ) cujus 

una Afymptotos eft AS. Sit ejus altera Afymp- 

totos A B, $c trquatio qua relatio inter Ordinatam 

BC Sc Abfciffam AB definitur, fi AB dicatur x & 

B C y, femper induet hanc formam xyy-j-ey^ax^ 
4bxx-|-cx+d. Ubi termini e, a^b, c, d, defig- 
nant quantitates datas cum fignis fuis -p & * afte- 
dasjquarum quslibetdeefle poffunt modo ex earum 
defeftu figura in feftionem conicam non vertatur. 

Poteft autem Hyberbola ilia Conica cum afympto- 
tis fuis coincidere, id eft punftum X in reUa AB. 
locari : & tunc terminus -|-ey deeft. 

At fi redta ilia CBc non poteft utrinq; ad Curvam 
terminari fed Curvse in unico tantum pundo occur- ^ , 
nt : age quamvis pofitione datamrectam A B aiymp- 
toto AS occurrentem in A, ut Sc aliam quamvis BG 
afymptoto illi parallelam Curvaeque occurrentem in 
pundo C, 6c oequatio qua relatio inter Ordinatam. 

BC 
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BC & Abfciffiim AB definitur, Temper indurM 
formam x y = a x 5 ~\- bxx-jttx -j-- d . ^anc 

Quod fi crura ilia oppofita Parabolici fint ger • 
recta CB c ad Curvam u Critique, ii fieri poteft ^ 
minata in .plagam crurum ducatur & biieceh.r’^n' 
locus pundi B erit linea reda. Sit ift a AB ^ 
minata ad datum quod vis pundum A Sc 2 ’ te f' 
qua relatio inter Ordinatam BC & Abfciffani 
definitur., Temper induet hanc formam. w~ , 
-Tbxxd-cx-l-d. ’ ax 

At vero fi reda ilia CB c in unico tantum punft 
occur rat Cur vs, ideoq; ad Curvam utrinq; terming 
non poffit : fit pundum illudC, 8c incidat refta ill 
ad pundum B in redam quamvis aliam pofifi J 
dataro & ad datum quod vis pundum A terminatam 
A B : Sc aequatio qua relatio inter Ordinatam BC & 
Ablciffam AC definitur Temper induet hanc formam 
y— axQ-bxx-j-cx-fi d. 5 

Enumerando curvas horum caTuum, Hyperbolam 

^»^;«,^ w ^ vocabimU g m j cri p tam ^ U£e tota jacet in Afymptotdn 

angulo ad mftar Hyperbolae conic*, arcumfcriftm 
qu* Aiymptotos Tecat Sc partes abiciflas in finu fuo 
ampleditur, ambigenam quee uno crure infinito in- 
lcribitur & altero circumTcribitur , convergentem 
cujus crura concavitate fua Teinvicem relpiciunt & 
in plagam eandem dirigunt uv,divergentem cujus crura 
convexitate lua feinvicem recipiunt &. in plagas con- 
trarias diriguntur, crunbus contraries fraeditam cujus 
crura in partes con trarias convexa Tunt & in plagas 
contraries infinita, Conchoidalem quse verticeconcavo 
Sc crurlbus divergentibus ad afymptoton applicatur, 
mguine am quee fiexibus contra riis aTymptoton Tecat 



[ ns] 

„ utriiw in crura contraria producitur, cruciformem 
TU. con ugatam decuffat, nadatam quae feiplam de- 
,ff,r in orbem redeundo, cuJpdaUm Cujus partes 
Z l angulo contacts concu/runt & M terminan- 
rur fun chit am qu* conjugatam habet Ovalem ip fi- 
nite parvam id eft pundum, & fur am cju* per im- 
podibilitatem duarum radicum Ovali, Nodo, CuE 
pide d Pundo conjugato privatur. Eodem leniu 
parabolam quoq; convergentem, divergent em, crun- 
bm contrani-s freeditam, cruciformem, nodatam, cuy 
■p'diitam, fund at am Sc fur am nominabimus. 

In caiii primo li terminus ax^ afhnnativus eft Bi- De HyberhoU 
pura erit Hyperbola triplex cum Tex cruribus Hy ^ t edundmte & 
perbolicis qusjuxta tres Aiymptotos quarum nulla -*• 

font parallel* in infinitum progrediuntur,bin9e juxta 
unamquamq; in plagas contrarias. Et hs ATymp- 
toti fi terminus b x x non deeft te mutuo lecabunt 
in tribus pundis triangulum (Dd^Q inter Te con- 
tinentes, fin terminus bxx deeft convergent omnes 
ad idem pundum. In priori caTu cape AD = 

Sc Ad = A^=^, ac junge Dd, D^, & erunt 
AD, Dd, % tres ATymptoti. In pofteriori due 
ordinatam quamvis B C, d in ea utrinq; produda 
cape hine inde B F & B f Tibi mutuo aequales Sc 
in earatione ad A B quam habet //d ad a, j'ungeq; 

AF, Af, & erunt AB, AF, Af tres ATympoti. 

Hanc autem Hyperbolam vocamus redundantem 
quia numero crurum Hyperbolicorum Sediones Co- 
rneas fuperat. 

I 11 Hyperbola omni redundante fi neq; terminus Hy „ 

e y deiit neq; fit b b - 4 . a c cequale + a e //a curva nul-p^W* fametr'v 
lam habebit diametrum, fin eorum alterutmm ac- Zf“\ cr .T* m 
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infimtoy um* 
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eidat curva habebit unicam diametrum & 
ufrumque^ Diameter autem femper tranfit ^ 
teriedtionem duarum Alymptoton Sc bifb- 
omnes qus ad Afymptotos iHas utrinq- term; rf f as 
Sc parallels funt Sc Afymptoto ter tier. pft,. *5^ 
AB diameter Figure quoties terniinuf^f* 
Diametrum vero absolute diftam hie & ; n r “l 1 - 
tibus in vulgari fignificatu ufurpo, nemne n? Ue ?‘ 
fciffa qua: paffim habet ordinatas binas | qu u° ^ 
idem puncinm hinc mde infiftentes. 1 es 
SfrMlk m . Si Hyperbola redundans nnllam habet diametrum 

vent redundmtes qUSrantUr JEquatlOUlS hujuS ax 4 'j-'b X J 4-CXV-1- \ 
w diamtro de- ~ \-- -o radices quatuor feu valores i v * l x 

ftttumtur & tres A O A ^ A a 88. 1 l muj> X. I| 

hahent A P, A vr A te , A p. Erigantur ordinate 

tos mmgttium rT, ^ p t, Sc h s tangent Curvam in twv 
CaftmeS ' totidem T, T , ", t, & tangendo dabunt limited Cm 
vs per quos fpecies ejus innotefeet. 

Nam fi radices omnes AP, A®, An f 
reales, ejufdem figni Sc insquales, Curva^ihtTx 
tribus Hypefbohs , ( inferipta circuinfcripta Sc am- 
bigena ) cum Ovali. Hyper bolarum una jacet ver- 
fus D, altera verfus d,“tertia verfus a 8c Ovalis 
femper jacet intra triangulam Dd °\ atq; etiam in’ 
ter medios limites 1 5c T , in quibus utiq- tangitur 
ab ordinatis f Sc Et hsc eft fpecies prima 

. Si e radicibus dus maxims Air, A p, vel dux ml 
nims AP, A®- squantur inter fe, Sc ejufdem funt 
figni cum alteris duo bus, Ovalis Sc Hyperbola cir- 
cumfcripta fibi inxicem junguntur coeun tibus earum 
pundHs contadtus 7 Sc t vel E 8c T , Sc crura Hyper- 
bols fefe decuftando in Ovalem continuantur, figu- 
ram no dux am efficientia. Qus fpecies eft fecunda. 

Si 
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SI e radicibus tres maxims A/, A vel tres %. <sv 






A*, A% AP squentur inter fe, Nodus in 
Zfpidem acutiffimum convertetur. Nam crura duo 
Jvperbols circumfcripts rbi in angulo contaftus 
concurrent Sc non ultra producentur. Et hsc eft 

jWies tertia. 

Si e radicibus dus meclis A^ 8c squentur in- Fig. 7 . 
ter fe, pundta contaidus T ScTcoincidunt, Sc propte- 
lta Ovalis interje&a in pundtum evanuit, & conftat 
feura ex tribus Hyperbolis, inferipta, circumfcripta 
& ambigena cum funfio conjugato. (lus eft fpecies 

quarta. # , , 

'Si dus ex radicibus funt impofiibiles & reliqus 
dus insquales Sc ejufdem figni ( nam figna contraria 
habere nequeunt,) fur a: habebuntur Hyperbols tres 
fine Ovali vel Nodo vel cuipide vel pundto conju- 
gato, Schs Hyperbols vel ad latera trianguli ab 
Afymptotis comprehenfi vel ad angulos ejus jacebunt 
& perinde fpeciem vel quintam vel fextam confti- 
tuent. 

Si e radicibus dus funt squales Sc alters dus Fig. 9 , 10 , 15 , 1 ^ 
vel impofiibiles l'unt vel reales cum fignis qus a fig- 
nis squalium radicum diver fa funt, figura crucifor - 
m habebitur, nempe dus ex Hyperbolis feinvicem 
decuflabunt idq; vel ad verticem trianguli ab A- 
fymptotis comprehenfi, vel ad ejus balem. Qus 
dus fpecies funt feptima Sc odtava. 

Sideniq; radices omnes funt impofiibiles vel ri 
omnes funt reales 8c insquales Sc earum dus funt 
affirmatiys Sc alters dus negativs, tunc dus habe- 
buntur Hyperbols ad angulos oppolitos duarum 

Uu a Afymp- 
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Afymptoton cum Hyperbola anguine a, circa Ar. 
toton tertiam. Qua? fpecies eft nona. 1 vfiip, 
Et hi funt omnes radicum cafus poffibiles \r 
ft duae radices funt aequales inter fe, & ali ae du* dd 
etiam inter fe aequales, Figura evadet Sc&inr ^ 



cum linea reft a 



°ruca 



Si Hyperbola redundans habet unicam w 
Diametrum fit ejus Diameter Abfciffa A B & - 

tionis hujus a x?^ : bx x -|- c x d = o qu$ r e 
dices feu va lores x. es 
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Si radices ill® funt omnes reales Sc ejufdem f 0 ■ 
Figura conftabit ex Ovali intra triangulum Bd^' 11 ’ 
cente & tribus Hyperbolis ad angulos eius 
circumfcripta ad angulum D & inferiptis duabn^H' 
angulos d Sc d. Et haec eft lpecies decima. 

Si radices duse majores funt aequales Sc tertia ejuf 
dem figni, crura Hyperbola jacentis verfus B to 
decuflabunt in forma Modi propter contadlum Ova- 
lis. . Qua? fpecies eft undecima. 

Si tres radices funt aequales, Hyperbola iftafe 
cujpdatat ine Ovali. Qua? fpecies eft duodecima. 

Si radices duae minores funt aequales & tertia emf- 
dem figni, Ovalis in funSlum evanuit. Quse fpedes 
eft decima tertia. In fpeciebus quatuor novSmis 
Hyperbola qua? jacet verfus D Alymptotos in fmu 
fuo ampleditur, reliqua? duae in finu Afymptoton 
jacent. 

Si duae ex radicibus funt impoftibiles habebuntur tres 
Hyperbolae fur a fine Ovali decuffatione velcufpide, 
Et hujus cafus fpecies funt quatuor, nempe decima 
quarta fi Hyperbola circumfcripta iacet verfus D& 

decima 
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s ec { m3 quinta fi Hyperbola inferitta jacef yerlusD, 
jLima fexta fi Hyperbola circumfcripta meet fub 
bafid^trianguliDd^ & decima feptima fi Hyper- 
link inferipta iacet fub eadem bafi. . . 

Si dua? radices funt a?quales & tertia figni diverfi 
erit cruciformis . Nempe duae ex tribus Hy - 
perbolls feinvicem decuflabunt idq; vel ad verticem 
trianguli ab Afymptotis comprehenfi vel ad ejus ba- 
fem. Qua? dua; fpecies funt decima o&ava Sc decima 



nona. 



Si duae radices funt inaequales & ejufdem figni & 
tertia eft figni diverfi, dua? habebuntur Hyperbolae 
in oppofitis angulis duarum afymptoton cum Con - 
dwidali intermedia. Conchoidalis autem vel jace- 
bit ad eafdem partes afymptoti fua? cum triangulo " 
ab afymptotis cojjlHtutD, vel ad partes contrarias ; 

& hi duo cafus conftituunt fpeciem vigefimam & vi- 
gefimam primam. 

Hyperbola redundans quse habet tres diametros 
conftat ex tribus Hyperbolis in finubus afymptoton redundant es cum 
jacentibus, idq; vel ad angulos trianguli ab afympto- ^*tf^*«m*f* 
tis comprehenfi vel ad ejus latera. Cafus prior dat /yf l 9 [ 
fpeciem vigefimam.fecundam,& pofterior fpeciem vi- 
gefimam tertiam. 

Si tres afymptoti in punfto communi fe mutuo XVlli. 
decuffant, vertuntur fpecies quinta & fexta in vige- 
fimam quartam , feptima & odtava in vigefimam cum Afympom 
quin tarn, & nona in vigefimam fextam ubi Ansuinea trihm *[ C9nm *‘ 
non tranht per concurfum afymptoton, & in vigefi- V e r gentibm . 
mam feptimam ubi tranfit per concurfum ilium, quo Fi &- 3 °* 
cafu termini b ac d defunt, & concurfus afympto- ^2" 
ton eft centrum figure ab omnibus ejus partibus 33? 

oppofitis 
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oppofitis sequaliter diftans. Et hae quatuor f • 
Diametrum non habent. ^ eCies 

V ertuntur etiam fpecies decima quarta ac dp * 
fexta in vigefimain odftavam, decima quint:: a ~ Cl ? a 
cima feptima in vigefimam nonam, decima 0 $ : 
Sc decima nona in tricefimam, & vigefima cum v * aVa 
fima prima in tricefimam primam. Et ha: f D *§ e ' 
unicam habent diametrum. ietles 

Ac deniq; fpecies vigefima fecunda Sc vi ge f 
tertia vertuntur in fpeciem tricefimam 
jus tres Hint Diametri per concur fum aiynaptot6^ 
tranleuntes. Quae ojrianesjj converfiones facillime ^ 
telliguntur jfadendo ut triangulum ab aiymptop 
comprehenfum diminuatur donee in madam tJ* 
nefcat. a ' 

Si in primo aequationum cafu terminus ax? 

defe£th*Matl g a1 j ivlls eft, Figura erit Hyberbola defeidiva unican! 
trum non haben- habcilS afymptOtOIl & duo tailtUUl Cl’Ura Hypedn. 
feu lica juxta afymptoton illam in plagas contrarus in! 

finite progredientia. Et afymptotos ilia eft Ordi- 
nata prima & principalis A G. Si terminus ey non 
deeft figura nullam habebit Diametrum, fi deeft ha> 
bebit unicam. In priori cafu fpecies fie enume- 
rantur. 

Si cequationis liujus ax'' — b x 3 ~\- c x x-j- d x-j'-ee 
radices omnes A- AP, A/>, A-., funt reales 8 c 'U 
sequales, Figura erit Hyperbola anguinea alympto- 
ton flexu contrario amplexa, cum Ovali conjugate. 
Quae fpecies eft tricefima tertia. 

Si radices duae media; A P 8c A p cequentur inter 
fe, Ovalis Sc Anguinea junguntur fefe decuifantes 
In forma Nodi, Quae eft Ipecies tricefima quarta. 

Si 
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Si tres radices funt aequales, Nodus vertetur 
tuffidem acutiftimum in vertice anguinea. Et hsc 
eft fpecies tricesima quinta. 

Si e tribus radicibus ejufdem figni duae making Fi i- 43- 
pp gt A nr fibi mutuo sequantur, Ovalis in jmnchtm 
evanuit. Quce fpecies eft tricefima fexta. 

Si radices duse quaevis imaginariae funt, fola rna- 
nebit Anguinea fur a fine Ovali, decufiatione, cuf- 
pide vel pundto conjugato. Si Anguinea ilia non 42: 
tranfit per puneftum A fpecies eft tricefima feptima, 
fin tranfit ‘per pundium illud A ( id quod con ting it ^-43- 
ubi termini b ac d defunt,) pundtum illud A erit 
centrum figurce re£tas omnes per ipfum duftas & 
ad Curvam utrinq; terminatas bilecans. Et hate 
eft fpecies tricefima o&ava. 

In altero cafu ubi terminus ey deeft Sc propterea xx. 
figura Diametrum ha bet. fi sequationis hujus ax^ H ypjt>oUf e p~ 

D , j .1 J. 1 1 a -r \ ^ tem de jethvd..di~ 

= bxx-ycx-j-d radices omnes AT, At, At, funt ametrum habln- 
reales, insequalcs Sc ejufdem figni, figura erit Hyper- £'* 
bola Conch oidalis cum Ovali ad convexita tem. Quae ^‘ 4 ^‘ 
eft fpecies tricefima nona. 

Si duse radices funt insequaies & ejufdem figni 8 c W& 44- 
tertia eft figni contrarii, Ovalis jacebit ad concavi- 
tatem Conehoidalis. Eftq; fpecies quadragefima. 

Si radices dus minores AT, At, funt sequales 4^. 

8t tertia At eft ejufdem figni, Ovalis & Conchoi- 
dalis jungentur fefe deculfando in modum Nodi, 

Qace fpecies eft quadragefima prima. 

Si tres radices fum aequales. Nodus mutabitur in £>,47; 
Cujpidem 8 c figura erit Cijfois Feterum . Et haec eft 
fpecies quadragefima fecunda. 
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Si radices du* majores funt sequales & ■ • 

ejufdem figni, Conchoidalis habcbit frnBuni Ula . e ^ 
gatum ad convexitatem fuam, eftq; fpecies n 
gefima tertia. ° Uat * ra ' 

Si radices du se funt aequales Sc tertia eft ft ■ 
trarii Conchoidalis habebit funclum con^'o C ° n ~ 
ad concavitatem luam, eftq; fpecies quarilLf,~ Um 
quarta. lld mm 

Si radices du* funt impoffibiles habehftn r 
choidalls £r» % Oyali, Nodo, CufpHe vel 
punao conjugate. Quce ipecies eft qo^ gc&] JJ 

; P - i;i P T° C S U termin « ax* 

tem Parabolics ueeft & tcniiinus b x x non dccft^ Figuiu erit Hv 
.Diametrum non perbola Parabolica duo habens crura Hvnerhnl j 

unam Aiymptoton S A G & duo Parabolica h * 
gam unam & eandem convergentia. Si terminus 
ey non decft figura nuilam habebit diametrum fa 

deeft habebit unicam. In priori cafu ipecies iimt 
ha\ 




Si tres radices AP, A®, At mquationis huius 
b x 3 + c x + dxrjQ ee-o funt insequales Sc ejufdem 
%ni, figura conftabit ex Ovali & aids duabus Cul- vis 
quae partim Hyperbolic* funt & partim Parabolics. 
Nempe crura Parabolica continuo dudu jungujur 
cruribus Hyperbolicis 17 bi proximis. Et hac eft 
fpecies quadregeiima fexta. 

Si radices du* minores funt sequales Sc tertia eft 
ejufdem figni, Ovalis Sc una Cnrvarum illamm 
pyperbolo'Parabolicarum junguntur Sc fe decuffant 
in formam Modi. Quae ipecies eft quadragefiim 
feptima. 



Si 



si tres radices funt sequales, Nodus ille in Guf-%. 52 ., 

:J e m vertitur. Eftq; fpecies quailragefima oflava. 
r Si radices duse majores funt aequales Sc tertia eft -%• 53 - 
eiufdem figni, Ovalis i npenflum conjugatum eva- 
h t QuS fpecies eft quadragelima nona. 

Si duse radices funt impoffibiles, rnaiiebunt prf 53,54- 
Ills duse curvse Hyperbole-parabolic* line Ovali, 
decuffatioiie, cufpide vel pundto conjugate, & ipe- 
ciem quinquagefimam conftituent. _ p . 

Si radices du* funt sequales & tertia eft figni com 0 
trarii, Citrvse ill* hyperbolo-parabolicse junguntur 
fefe decuffando in morem crucis. Eftq; fpecies quin- 

quagefima prima. , . 

,Si radices cluse funt i n*qu a les & ejufdem figni & 5 

tertia eft figni contrarii, figura evadet Hyperbola # 
anguinea circa Alymptoton AG, cum Parabola com 
juaata. Et hsec eft ipecies quinquagefima lecunda. 

In altero cafu ubi terminus ey deeft & figura 
Diametrum habet, fi duse radices aequatioms hujus tmr Parabolic a 
b x x c x d = o funt impoffibiles, duae habentur h *~- 

figur* hyperbolo-parabolicse aDiametroAB nine 
inde *qualiter diftantes. Qu* fpecies eft quinqua- 
gefima tertia. 

• Si sequationis illius radices du* funt impoffibiles, $ 8 * 

Figur-se hyperbolo-parabolicse junguntur fefe de- 
cuffantes in morem crucis, & fpeciem quinquagefi- 
mam quartam conftituunt. 

Si radices ill* funt insequales Sc ejufdem figni, ha- 59* 
betur Hyperbola Conchoidalis cum Parabola ex 
eodem latere Afymptoti. Eftq; fpecies quinquage- 
fima quinta. 






fig- fTO, 
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Si radices ilk funt figni contrarii, habetur C 
choidalis cum Parabola ad alteras partes Afyrn J ° n ' 
Quae fpecies eft quincjuagefitna fexta. ^ ^ tot ^ 

jWw Hj. JS ic l u ™ d ? ! n P>™° ^ u adonum cafu 

q; ?x> & bxx deeft, hgura ent Hyperbolic * 
iectioms alicujus Conics. Hyperbolifmum ft* 
voco cujus Ordinata prodit applicando contcntum rf 
Ordinata figurx illius & re£ta data ad Abfciflkm ^ 
munem. Mac ratione linea recta vertitur in h VD . 
bolain Conica m, Sc fe&io omnis Conica vertitur f 
aliquam figurarum quas hie Hyperbolilinos 
num Conicarum voco. Nam xquatio ad fig Ura j 
de quibus agimus, nempe xy y -|-ey = cx-|-d, feu 
= ej^eed-4-dx j- 4 exx generatur appli_ 



2 X 



can do contentum lub Ordinata fedionis Conica: 
ed/ / ee-b4dx^4cxx & reda data m ad curvarum 



Abfciflam communem x. Unde liquet quod fi<7 Ura 
genita Hyperbolifmus erit Hyperbok, Ellipfeos vel 
Parabok perinde ut terminus cx affirmative eft 
vel negativus vel null us. 

Hyperbolifmus Hyperbok tres habet afymptotos 
quarum una eft Ordinata prima Sc principalis Ad 
alter® duae funt parallel® Abfcifl® A B Sc ab Mm 
hinc inde xqualiter diftant. In Ordinata principal! 
Ad cape Ad, A 01 hinc inde xquales quantitati /c 
& per puntta d ac ° n age dg, J 7 Afymptotos Ab- 
feiflx A B parallelas. 

Ubi terminus ey non deeft figura nullara ha- 
bet diametrum. In hoc cafu ft xquationis hujus 
c x x d x -|- Je e =§o radices dux AP, Ap funt reales 

& 
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, jnaquales ( mm sqmles effe nequeunt nifi figura H - 51 ■ 
ft Conica feGio) figura conftabit ex tribus Hypei- 
bolis fibi oppofitis quarum una jacet inter aiymp- 
l°tos parallelas & alters duae pcent extra. Et lute 

eft |rad?ce“Sfto 

rerbok dux oppofitx extra afymptotos parallelas Sc 
JLuin&i hyperbolica intra ealdem. Hxc figura 
duarum eft fpecierum. Nam centrum non habet J 
n bi terminus d non deeft ; fed ft terminus llle ee 
pundum A eft ejus centrum. Prior fpecies eft qum- 
nuaeefima oftava, pofterior quinquageftma nona. 

Quod ft terminus ey deeft, figura conftabit ex Bg. ^ 
tribus hyperbolis oppofitis quarum una jacet inter 
afymptotos parallelas & alter® dux jacent extia ut 
in fpecie quinquageftma quarta, & prxterea diame- 
trum habet qux eft abfeifla A B. Et hxc eft fpecies 
fexageftma. 

Hyperbolifmus Ellipfeos per hanc sequationem de-^xxiv^ . 
finitur x y y + e y = c x - j- d, & unicam habet alymp- mi En ^j- eos , 
toton qux eft Ordin ata principalis Ad. Si terminus Bg. 6 s- 
ey non deeft, ftgura eft Hyperbola anguinea fine dia- 
metro atqj etiam fine centro ft terminus d non deeft. 

Qux lpeeies eft fexageftma prima. 

At ft terminus d deeft, ftgura habet centrum fine <?£■ 
diametro Sc centrum ejus eft punftum A. Species 
vero eft fexageftma fecunda. 

Et ft terminus ey deeft Sc terminus d non deeft, 
figura eft Conchoidalis ad afymptoton A G, habetq; 
diametrum fine centro, Sc diameter ejus eft Abfeifla 
A B. Qux fpecies eft fexageftma tertia. 

Xx a Hyper- 




XXV- 

Duo Hyfcrbo- 
Hfmi ParaboU . 





Hyperbolifmus Parabolae per hanc an m ,.- 
definitur xy yft- e y = d ; & duas habet 
Abfciffam AB & Ordinatam primam & bS f°^ 
A G. Hyperbolae vero in hac figura font duse * ^ 
in aiymptoton angulis oppofitis fed in anguli’ s o°“ 
font deinceps jacentes, idq; adutrumq* i ahlc V 
feififc AB, & vel fine diametro fi terminus ev 1 
betur, vel cum diametro fi terminus ille deeft.' q ~ 
du* lpecies funt fexagefima quarta & fexaoef U * 
quinta. . & ma 

In fecundo aequationum cafu habebatur scquati 
x y = a x 3 -j- b x x -p c x -ff d . Et figura in hoc cafu 
habet quatuor crura infinita quorum duo funt hv 
perbolica circa afymptoton AG in contrarias partes 
tendentia & duo Parabolica convergentia 8c cum 
prioribus fpeciem Tridentis fere efformantia. Eftq- 
base Figura Parabola ilia per quam Caitefius equa - 
tion es lex dimenfionum conftruxit. Hsec eft ipftur 
fpecies fexagefima fexta. 

In tertio cafu aequatio erat y y = a x 3 + b x x -j - c x 
‘+d, & Parabolum defignat cujus crura divergunf 
ab invicem Sc in contrarias partes infinite progre- 
diuntur. Abfciflk AB eft ejus diameter & fpecies ejus 
funt quinq_; fequentes. 

Si aequationis a x 5 b x s -1- c x-j- d = o radices cra- 
nes At j AT, At funt reales & inoequales, figura eft 
Parabola divergens campaniformis cum Ovali ad 
verticem. Et fpecies eft fexagefima feptima. 

Si radices duse funt sequales, Parabola prodit vel 
nodata contingendo Ovalem, vel funBata ob Ovalem 
infinite parvam. Quae duce fpecies funt fexagefima 
odava & fexagefima nona. 

Si 



r i ?7 \ 

eittes radices funt ^uales Paraboh ent eufft-Ht-n- 
J, in vei'tice. Et tec eft Parabola Indiana qua: 

tot^poffibiies, habetur Parabola*.. 73,7+ 

campaniformis lpeciero feptuagefimam pnmam 

C tqua n rto cafu *quato erat y = « 

Pci & tec aquatic Parabolam lllam WaHifianani ^ 77 . 
defignat qua crura habet contraria & cuhea di- 
ci iolet Et fie fpecies omnino funt feptuagmta 



Si in planum infinitum a pundto lucido illuming- Genefis Curva~ 
turn umbra figurarum projiciantur, umbra lectio ■" rum per Vmbrm* 
num Gonicarum lemper erunt fe&iones Conics, 

Curvarum fecundi generis lemper .erunt Curva 1 le- 
cundi generis, e® curvarum tertii generis femper 
erunt Curvse tertii generis, & fic deinceps m mnni- 
tum. Et quemadmodum Circulus umbram pioji- 
ciendo generat fedtiones omnes conicas, fic PaiaboH 
quinq; divergentes umbris fuis generant <k exhi- 
bent alias omnes fecundi generis curvas , & fic 
Curvse quasdam fimpliciores aliorum generum mve- 
niri pofiunt quee alias omnes eorundem geneium 
curvas umbris fuis a punffo lucido in planum piu^ 

ieftis formabunt. . ; . 

Diximus Curvas fecundi generis a line* refta in a * arumpm „ 
punftis tribus fecari pofte. Horum duo nonnun- ffa duflicia* 
quam coincidunt. Ut cum redta per Ovalem infi- 
nite parvam tranfif vel per concurlum duarum .par- 
tium Curvse fe mutuo fecantium vel in cufpidem 
coeuntium ducitur, Et fiquando reds omnes in 

plagam 
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atis 



plagam cruris alicuius infiniti tendentes Pn 
* - f r ' - - ^urvaju 

h 

c 

bolse parallelis ) concipiendum eft "quod red$ ‘11 

1*“^ y\«* j*"% T Ji /I jJ -m ■* j-fc ^ ^1 H « "1 JIiXa J * i** f ^ 



in unico tantum pundo fecant ( ut fit in ordi? 
Parabolas Cartefianse & Parabolae cubicle, nee " U 

t a -1 ,■* # /Y 1 T T < < * T ^ . / 



redis Abfcifife Hyperbolifmorum Hyberbohe&p. 




noni 



m 

ara. 



an. 



per alia duo Curvse punda ad infinitam dift 
tiam iita ( ut ita dicam ) tranfeunt. Hujufn^a 
interfediones duas coincidentes five ad finit 
fint diftantiam live ad infinitam, vocabimus m 01 
dum duplex. Curvae autem quae habent pun* 
dum duplex deferibi poffunt per lequentia Theo* 
remata. 

xxxi. 

c™ZZZ d ‘ 1 - si anguli duo magnitudine dati PAD,PBD circa 
fir ip t iem orga- polos pofitione datos A, B rotentur, 8c eorum crura 
A P, B P concurfu fuo P percurrant lineam redam • 
crura duo reliqua AD, B D concurfu fuo D defcri- 
bent fedionem Conicam per polos A, B tranfeun- 
tem : praeterquam ubi linea ilia reda tranlit perpo- 
lorum alterutrum A vel B, vel anguli BAD, ABD 
limul evanefeunt, quibus in calibus pundum D de- 
feribet lineam redam. 

Si crura prima A P, B P concurfu fuo P 
percurrant fedionem Conicam per polum alter- 
utrum A tranfeuntem, crura duo reliqua A D, BD 
concurfu fuo D defcribent Curvam fecundi gene- 
ris per poluin alterum B tranfeuntem & pun- 
dum duplex habentem in polo primo A per quern 
fedio Conica tranfit : praeterquam ubi anguli 
BAD, ABD fimul evanefeunt, quo cafu pun- 
dum 
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aum D deferibet aliam fedionem Conicam per po- 
lum A tranfeuntem. 

2 , At fi fedio Conica quam pundum P percur- 
r j t tran feat per neutrum polorum A, B, pundum 
p deferibet curvam fecundi vel tertii generis pun- 
dum duplex habentem. Et pundum illud duplex 
in concurfu crurum defer ibentium, AD, BD in- 
V enietur ubi anguli BAP, A B P fimul evanelcunt. 

Curva autem delcripta fecundi erit generis fi an- 
guli BAD, ABD fimul evanefeunt, alias erk ter- 
tii generis & alia duo habebit punda duplicia in 
polis A& B. 

Tam fedio Conica determinatur ex datis ejus xxxit. 
ptjndis quinq; & per eadem fic deferibi poteft. me arum defer Ip- 
Dentur eius puncta quinq; A, B, C, D, E. Jun- no per data qmn~ 
gantur eorum tria quaevis A, B, C & trianguli ABC ?! '^ W A 
rotentur anguli duo quivis CAB, CBA circa ver- 
tices fuos A & B, & ubi crurum A C, B C interfedio 
C fucceflive applicatur ad punda duo reliqua D, E, 
incidat interfedio crurum reliquorum AB & BA 
in punda P & Q. Agatur 8c infinite producatur 
redla PQ, & anguli mobiles ita rotentur ut inter- 
fedio crurum AB, BA percurrat redam PQ, & 
crurum reliquorum interfedio C deferibet propofi- 
tam fedionem Conicam per Theorema primum. 

xxxni. 

Curvse omnes iecundi generis pundum duplex cmdige-aen, ;n«- 
habentes determinantur ex datis earum punctis 
feptem, quorum unum eft pundum illud duplex, 

Si tern punci.' . 
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& per eadem punda fic defcribi poffunt. n 
Curvse defcribends punda quaelibet feptem A ^ r* 
D, E, F, G quorum A eft pundum duplex ,J | L) 
gantur pundum A & alia duo qusvisc mnfKc jUn ‘ 
B & C ; & trianguli ABC letur Cfe 
GAb circa verticem iuum A, turn angtilorum 

quorum alteruter ABC circa verticemfeim E T 

ubi crurum AC, BC concurfus C l'ucceffive \ r 
catur ad punda quatuor reliqua D, E, F G 
concurfus crumm reliquorum AB&B \ in ,? C * 
quatuor P, Q, R, S. Per punda ilia ’“C * 
quantum A defcribatur fedio Conica, & antmli n,-5 
fati CAB, C B A ita rotentur ut crurum A B R a 
concurfus percurrat fedionem illam Conicam 
iconcurius reliquorum crurum AC, BC deicriber 
Curvam propofitam per Theorema lecundum. 

Si vice puiidi C datur pofitione reda BC q Ua: 
Curvam defcribendam tangit inB, linece AD AP 
coincident, & vice anguli DAP habebitur linearedi 
.circa polum A rotanda. 

Si pundbum duplex A infinite diftat debebit Reda 
ad plagam pundi illius perpetuo dirigi 8c motu pa- 
lallelo fein inteiea dum angulus ABC circa polum 
B rotatur. 

Defcribi etiam poffunt hse curvae pauio aliter per 
Ilieorema tertium, fed deferiptionem fimpliciorem 
pofuiffe lufficit. 

Eadem methodo Curvas tertii, quarti Sc fuperio- 
nun g.enerum deferibere licet, non omnes quidem 
bed quotquot ratione aliqua commoda per motuin 
localem defcribi poffunt. Nam curvam aliquam 

fecundi 
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iecundi vel fuperioris generis pundum duplex non 
habentem commode deferibere Problema eft inter 
difficiliora numerandum. 

Curvarum ulus in Geometria eft ut per earum xxxiv; 
interfediones Problemata folvantur. Proponatur q uj£m P ZL 
ccquatio conftruenda dimenfionum novem x 9 * b x 7 ftriptionem Cur- 
-j-cx'M-d x 5 e x 4 -f f x 3 g x x-j- h x -j- k = o. Ubi vnrmu 

J r m • 

b, c, d, i 5 1c. fignificant quantitates quafvis datas 
.(ignis fuis 4 - & — affedas. Affumatur aequatio ad 
Parabolam eubicam x 3 =y, & ^quatio prior, feri- 
bendo y pro evadet y’fbxyy cyy+dxxy 
4 e x.y -\- m y tin f x 3 -|~gxx-|- h x^-i- = o, cequatio ad 
Curvam abam fecundi generis. Ubi 111 vel f deeffe 
poteft vel pro lubitu aflumi. Et per harum Curva- 
rum deferiptiones 8c interfediones dabuntur radices 
squationis conftruendse. Parabolam cubicam lemel 
deferibere fufficit. 

Si aequatio conftruenda per defedum duorum ter- 
minorum ultimorum h x & k reducatur ad feptem 
dimenfiones, Curva altera delendo m, habebit pun- 
ftum duplex in principio abfciffae, 8c inde facile de- 
fcribi poteft ut lupra. 

Si aequatio conftruenda per defedum termino- 
lum trium ultimorum g x x h x ft- k reducatur ad 
fex dimenfiones, Curva altera delendo f evadet 
fedio Conica, 

Et _fi per defedum fex ultimorum terminorum 
aequatio conftruenda reducatur ad tres dimenfiones, 
incidetur in conftrudionem WallifimuwL per Para- 
bolam cubicam & lineam redam. 
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Conftrui etiam poftunt aequationes per Hrn e i 
lilmum Parabolae cum diametro. Ut ii conftru 1 h 
fit hsec sequatio dimenfionum novem termino D p 11 , 
timo carens, a^-cxx+dx^ex^j-fx -\- g 

+ k x*+l x» = o ; affumstur arquatio ad Hype rbo i if 
mum ilium xxy = I, & fcnbendo y pro i, squati *' 
conftruenda vertetur in hanc ay 3 cy y 5 x vv _l 

+ f x y + m x x y-|- g + h x -1- k x x -|- 1 XI = 0 , am cm 

vam fecundi generis deGgnat cujus defcriptione 
Problema folvetur. Et quantitatum m ac g alter 
utra hie deefie poteft, vel pro lubitu aflumi. 

Per Parabolam cubicam & Curvas tertii generis 
conftruuntur etiam aequationes omnes dimenfionum 
non plufquam duodecim, & per eandem Parabolam 
& curvas quarti generis conftruuntur omnes dimen- 
fionum non plufquam quindecim, Et fic deinceps in 
infinitum. Et curvse ill# tertii quarti & fuperiorum 
generum deferibi Temper poffunt inveniendo eorum 
pundta per Geometriam planam. Ut fi conftruenda 
fit aequatiox 1 * * +ax 10 -^-bx 9 4'CX 8 -j-dx 7 -t-ex 6 -|-fx 3 
+gx 4 + h x J + ixx + kx + 1 = o , & deferipta 

habeatur Parabola Cubica ‘ fit sequatio ad Pa- 
rabolam illam cubicam x 3 = y , & feribendo y 
pro x 1 sequatio conftruenda vertetur in hanc 
y4 -(-axy 3 -J-cxxyy -J-fxxy ^-ixx.= o , quae eft 
-j-b -j-dx -]'-gx -\-kx 

Lj_e ~|-h -\-l 

sequatio ad Curvam tertii generis cujus defcriptione 
Problema folvetur. Deferibi autem poteft haecCurva 
inveniendo ejus pun£ta per Geometriam planam, prop- 
terea quod indeterminata quantitas x non niji ad 
duas dimenfiones afeendit. 





v ® termfcoS 1 

| 2tio ad Hyperbolif. 

, y l )r ° h’ squatio 

Sll +dx yy+^y 

1 * x! — o,q us CU[ f 
CUJUS delcripti one 
■atum m ac 2 alter 
ibitnaffumi. 

: urvas tertii generis 
omnes dimenfionum 
eandem Parabolam 
mtur omnes dimen- 
j Et fic dein ceps in 
uarti & fuperiorum 
t inveniendo eorum 
Ut li conftruenda 
x 8 +dx 7 -j-ex 6 -t*-fx T 
' o , & defcripta 

it aequatio ad Fa- 
f , & fcribendo y 
vertetur in hanc 
ixx— o, quse eft 
1-kx 

-H. 

; cujus defcriptionc 
m potefthaecCurva 
triam planam 3 prop- 
titas x non nifi ad 
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INTRODUCTIO- 



Q Uantitates Mathematicas non ut ex partibus 
quam minimis conftantes, fed ut motu conti- 
nuo defcriptas hie conlidero. Lines? deferi- 
buntur ac deferibendo generantur non per appofi- 
tionem partium fed per motum continuum pundto- 
rum, fuperficies per motum linearum, folida per 
motum iuperficierum, anguli per rotationem late- 
rum, tempora per fluxum continuum, & fie in ca e- 
teris. Hse Genefes in rerum natura locum vere ha- 
bent & in motu corporum quotidie cernuntur. Et 
ad hunemodum Yeteres ducendo redtas mobiles in 
longitudinem redtarum immobilium genefin docue- 
runt redtangulorum. 

Gonfiderando igitur quod quantitates aequalibus 
temporibus crefcentes Sc crefcendo genits, pro velo- 
citate majon vel minori qua crefcunt ac generantur, 
evadunt majores vel minores j methodum quserebam 

deter- 
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determmandi quantitates ex velodtalibus motui 
vel incrementorum quibus generantur ; Sc has m 
tuum vel incrementorum velocitates nominando F?' 
xiones & quantitates genitas nominando Flumes in" 
cidi paulatim Amis 1 665 St 1 666 in Methodum Flu 
xionum qua hie ulus fum in Quadratura Curvarum 

Fluxiones funt quam proxime ut Fiuentium aug 
menta asquallbus temporis particulis quam mmmr 
genita, St ut accurate loquar, funt in prima ratione 
augmentomm nafeentium • exponi autem poflimt per 
lineas quafeunq: quas funt ipiis proportionate ii* 
fiares ABC, ABDG Ordjnatis BC , B D Vuper 
bah A B uniformi cum motu progredientibus deferi- 
bantur, harum a rearum fluxiones erunt Inter fe ut 
Ordinats deferibentes BC St BD, & per Ordinatas. 
illas exponi pofTunt, propterea quod OrdMate ilb 
funt ut arearum augmenta nafeentia. Prog re - 
diatur Ordinata BC de loco fuo BC in locum 
quemvis novum be. Compleatur parallelogram 
mum BCE b, ac ducatur reda VTH quee Cur- 
vam tangat inC ipfiiqj be St BA produdis occun 
rat in T St V : St Ableiffs AB, Ordinats BC, & 
Lines Curvs ACc augmenta modo genita erunt 
Bb, Ec St Cc ; & in horum augmentorum nafeen- 
tium ratione prima funt latera trianguli CET,ideoq; 
fluxiones ipfarum AB, BC St AC funt ut trianguli 
illius CET latera CE, ET Sc CT Sc per eadem 
latera exponi poflimt, vel quod perinde eft per la- 
tera trianguli conlimilis V B C. 

Eodem recidit ft fumantur fluxiones in ultima 
ratione partium evanefeentium. Agatur reda Cc 
St ^producatur eadem ad K. Redeat Ordinata be 



in 
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in locum fuum priorem BC, Sc coeuntibus pundis 
C St c, reda C K coincidet cum tangente C H, St 
triangulum evanefeens CEc in ultima fua forma 
evade t limile triangulo CET, & ejus latera evanef- 
centia CE, Ec & Cc erunt ultimo inter feut funt 
trianguli alterius CET latera CE, ETStCT, Sc. 
propterea in hac ratione funt fluxiones linearum A B, 

BC Sc AC. Si punda C St c parvo quovis inter- 
vallo ab invicem diftant reda CK. parvo intervallo a 
tangente CH diftabit. Ut reda CK cum tangente 
CH coincidat & rationes ultimas linearum CE, E c St 
Cc inveniantur, debent puncta C See coire St om- 
nino coincidere. Errores quam minimi in rebus- 
mathematicis non funt contemnendi. 

Simili argumento fi circulus centre B radio B C 1 
deferiptus in longitudinem Abfciffe A B ad angulos 
redos uniformi cum motu ducatur, fluxio foKdi ge- 
niti ABC eritut circulus ille genera ns, & fluxio fu- 
perficiei ejus erit ut perimeter Circuli illius St 
fluxio lineas curvce A C conjundim. Nam quo tem- 
pore folidum ABC generatur ducendo circulum 
ilium in longitudinem Abfciffae A B, eodem fuper- 
ficies ejus generatur ducendo perimetrum circuli il- 
lius in longitudinem Curves A C. 

Rstfa TB circa plum datumT revolvens jecetaliam Fig. a; 
pfitione datam redam AB : quaeritur frofortio fluxio* 
num redarum tUarum AB Id IP B- Progrediatur 
reda PB de loco fuo PB in locum novum Pb. In 
P b capiatur P C ipfi P B asqualis, St ad A B ducatur 
PD fic, utangulus bPD aequalis flt angulo bBC; 

Sc ob fimilitudinem triangulorum bBC, bPD erit 
augmentum Bb ad augmentum Cb ut Pb ad Db. 

Redeat 
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Redeat jam Pb in locum fuum priorem PB ut am 
mcnta iLk evanefcant, Sc evanelcentium ratio nil* 
PR ^ ^ rat, ° ultlma i’bad 0b, ea erit qu® eft 

PB ad D B, extfiente angulo PDB refto, & 
jfc | g aC mione eft fiuxl ° 'P 15 * 15 AS ad fluxionem 

Rida P Ben ca datum Polum P revolvens fern 
aim dim f of it tone datas re<3m ^4 B Is' A E in R C 
B: qu^ritur pMortio ftuxmtum reform ittarum 

bf-f f b 4u : , 1 ro S redlatur re£la revolvens PB de 
lo co luo PB in locum novum P b redas Ail, AK „ 

punftisb&e fecantem, &re£teAE paralela Bc 
ducatur ipfi Pboccurreus in C,& erit Bb id Rr » 
Ab ad Ae, & BC ad Eeut P b\k! PE & ™iu!» 
rationibus Bb ad Ee ut AbxPB Ad 
Redcat jam linea Pb in locum l'uum priorem PR x- 
augmentum evanefeens Bb erit ad aigmentum e™ 
nelcens Ee ut A BxP B ad AExPE , ideoq £ 
Eac^ratione eft fluxio redla; A B ad fluxionem |g| 

Hinc fireaa revolvens PB Eneas qualVis Curvas 
pofitione datas lecet m punttis B & E, & reft- ri„ 

mmek i § ¥ Gur r 

pun^us B Be E: erit fluxio Curvae quam re£ta AB 
tangit ad tluxionemCurra quam redla AE tangit 

b^HPR r d t-H E ' ld * uod ^-evenfet 

11 iecta QuMapi. -aliquant pofitione datam nerne- 

■tuo tangat m pundlo mobili P. 1 * 

Fluat quantitiu x uniformiter & invenmida ft fluxio 
quant It at IS x n , Quo tempore quantitas x fiuendo 
evadit x -|-o, quantitas x tt evadet jTfo) n id eft 
-P er methodum lerierum inhnitariun, x n -j nox 11 ” 1 

4 . 
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^^ n oox n - 2 -l '^‘. Et augmenta o & nox^H^oox"' 2 
Ly&c. funt ad invicem ut i & nx n '^-^ox n - a -]-~ fcjv. 
Evanefcant jam augmenta ilia, & eorum ratio 
ultima erit i ad nx 11 ' 1 : ideoq- fluxio quantitatis 
x eft ad fluxionem quantitatis x n ut i adnx®' 1 . 

Similibus argumentis per methodum rationum 
primarum & ultimarum colligi poffunt fluxiones li- 
nearum feu reftarum feu cur varum in cafibus qui^ 
bufeunque, ut Sc fluxiones fuperficierurn, angulo- 
rum Sc aliarum quantitatum. In finitis autem quan- 
titatibus Analyfin fic inftituere, Sc finitarum nafeen- 
tium vel evanefeentium rationes primas vel ultimas 
in veftigare, con folium eft Geometriae Veterum : Sc 
volui oftendere quod in Methodo Fluxionum non 
opus fit figuras infinite parvas in Geometriam intro- 
ducere. Peragi tamen poteft Analyfis in figuris qui- 
bufeunq; feu finitis feu infinite parvis quae figuris 
evanefeentibus finguntur fimiles, ut 8c in figuris quae 
pro infinite parvis haberi lolent, modo caute pro- 
cedas. 

Ex Fluxionibus invenire Fluentes Problema dif- 
ficilius eft, 5c folutionis primus gradus cequipollet 
Quadrature Curvarum ; de qua fequentia olim 
feripfl. 




TRACT ATUS 

D E 




Curvarum. 



Q Uantitates -indeterminatas ^ u-t motu nernetua 
; creicentes vel decrefcentes, id eft ut Len 
tes vel defluentes in fequentibus confidero.defifmoQ* 
litens z 7 y, x,v, & earum fiuxiones leu edentates- 

crefeendi noto iifdem literis puntfatis z ? y x v 
Sunt & harum ftuxionum ftuxiones feu mutationes 
magis aut minus celeres qua* ipfarum z, y v v 
fluxiones fecundas nominare licet 8c fic disnare 

z ?y> x > v ? & harum ftuxiones primas feu ipfarum 



*'* ■ **■ i*« ■*» 



z ? b *? v fluxiones tertias fie z, y, x, v, &■ quartos fie 
•• *• ■* ■* 

z, y, x ? v. Et quemadmodum z, y, x 7 v funt fiu- 



xiones quantitatum z,y, x, v, St has funt ftuxiones 

* p * » 

quantitatum z, y, x, v & has funt ftuxiones quantita- 
tum primarum z, y,x,v : fie has quantitates confide- 
rari poftunt ut fiuxiones aliarum quas fiedefignabo, 
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Z, y, X, V, St h$ ut ftuxiones aliarum z, y, x, v, St 

hor ut ftuxiones aliarum z, y, x, v, Defignant igitur 

* - * -♦ 
a mw w * m* <rr 

z, z, z 7 z 7 z 7 z 7 z, z Isfr. feriem quantitatum quarum 
quaelibet pofterior eft ftuxio prsscedentis & quaelibet 
prior eft fiuens quantitas fluxionem habens fiibfe- 

quentem. Similis eft feries //az — zz, ^az — zz, 

■«-|T n ill M II Mi.rpmi ■* 1 

/ a z — zz , ^az — zz , //az — zz , / az — zz , ut Sc 
feries az ft' z2 az-f-z 2 az-j-z 2 az-^-z 5 az4~z 2 



a — z 



a — z 



a— -z a — z a — z 



3:Z— 1— Z 2 

1—J. Et notandum eft quod quantitas quselibet 



a — z 



prior in his feriebus eft ut area figuras eurvilinise 
cujus prdinatim applicata re£tangula eft quantitas 

pofterior 8c abfeifla eft z : uti //az — zz area curvse 



cujus ordinata eft // az — zz St abfeifla z. Quo an- 
tem fpe&ant hoec omnia patebit in Propofitionibus 
quae fequuntur. 



Zz 2 



PROP, 
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PROP. I. PROB. I. 

Data (equations quotcunqy fiuentes quantitates im, n T 
veiite , mvenire fluxiones. 

Solutio. 

. Multiplicetur omnis aquation is terminus per 
dicem dignitatis quantitatis cujufq; fluentis quam 
involvit, Sc in fingulis multiplicationibus mutetur 
dignitatis latus in fluxionem fuam, Sc aggrega- 
turn factor um omnium fub propriis iicrnis erit 
sequatio nova. ° 

Explicatio. 

Sunto a, b, c, d i$c, quantitates determinate & 
immutabiles, Sc proponatur sequatio quaevis quan- 
titates fiuentes z, y, x J S?c. involvens, uti x 5 — xyy 
yt" s a z — b ? = o. Multiplicentur termini primo per 
indices dignitatum x, Sc in iingulis multiplicationi- 
bus pro dignitatis latere, feu x unius dimeniionis, 

fcribatur x,& fumma fa&orum erit 3 x x* — x y y .Idem 
fiat in y Sc prodibit — xyy. Idem fiat in z Sc pro- 
dibit a a z. Ponatur fumma fa&orum sequalis ni- 

bilo, Sc habebitur sequatio 3, x x a • — xyy — ’xyy 
* 

-(-a a z — o. Dico quod hac sequatione definitur re- 
latio fluxionum, 

c J)e- 



Demonftratio . 

Nam fit o quantitas admodum parra Sc funto 

1 * * 

oz y oy, ox, quantitatum z, y, x momenta id efi: in- 
crementa momentanea fynchrona. Et fi quantita- 
tes fiuentes jam lunt z, y Sc x, ha? poft momentum 

+ * * 

temporis incrementis fuis oz, oy, ox auStae, evadent 
* ■ * * 

z-|-oz, y-]-oy, x-j-ox, qua in cequatione prima pro 

z, y & x fcriptsc dant sequationem x 3 -j-gxxox 
■ * * * * * * 

-]- ^xooxx o — xyy — oxy.y • — 2xoyy — a xooyy 

* * ■ * * t 

— xooyy — xo 3 yy-|-aaz-l-aaoz— b^ — o. Subducatur 

iequatio prior, Sc refiduum divifum per o erit zxx* 

* ■ • * . - . . - . . 
-j-^xxox -|-x 3 oo —xyy — 2 xyy — ixoyy —xoyy — xooyy 

-j-aaz — o. Minuatur quantitas o in infinitum, Sc neg- 

leftis terminis evanefcentibus reftabit ^xx 2 — xyy” 

*- . *■ 

— 2 x yy f aaz - °* Q- e. d. 

Explicate plenior. 

Ad eundem modum fi sequatio efifet xs- — xyy. 
-j-aa / ax — yy — b^ =0, produceretur ^x 2 x — xyy 
- 2 xyy+aa// ax — yy — o. Ubi fi fluXioiiem/^ax — yy 
toliere velis, pone f/\ ax — yy : == z, Sc erit ax- — yy — z 1 
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& (per hanc Propofitionem ) ax — a yy-2^ 2 f eQ 

a iz!Ly=z, hoceft a f=!ZZ = 



^ 7 * 



'■/> xx — yy 



rax— yy. £ t 



inde qx 2 x — xyy — 2Xy y . l-JL - o 

* f/ aX— -yy 

Et per operationem repetitam pergitur ad fluxio- 
ns lecundas, tertias 8c fequentes. Sit tequatio 
, Z y3 — Z4~|-a+ — o , 8 c fiet per operationem primam 

z yM’ 3 z yy 2 4 zz! = 0 , per fecundam zy^6z yv . 

;'r 3 zyy » J r 6zy s y— 4ZZ3— i az’z’ = o , per tertiam 



■zy 3 -(- 9 z yy J + 9 z yy* -h «8zy,y 4- 3zyy 2 -f i%y» 
* •** ■■ ■ , ^ ^ 

„j- l 6zy 3 -^4 zz 3 — 3 6zzz 2 — = o. 




Ubi vero lie pergitur ad fluxiones fecundas, ter- 
tias & fequentes, convenit quantitatem aliquamut 
uniformiter fluentem conliderare,& pro ejus fluxione 
prima unitatem icribere, pro fecunda vero & fe- 
quentibus nihil. Sit sequatio -z-y 3 — z 4 4. a* = 0, ut 
lupra; Sc fluat z uniformiter, fit q; ejus fiuxio unitas, 

■Sc fiet per operationem primam y 3 -|-^yy 2 — 4Z3 - o, 

* <* * 

per fecundam 6yy 2 -j-r ^zyy* 6zy 2 y — iaz 2 = 0, 

per tertiam 9yy 2 + l8 y 2 y+3 z yy 2 + I 8zyyy+%? 

^ — O* 



Ip 
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In hujus autem generis aquation ibus concipien- 
dum eft quod fluxiones in fingulis terminis flnt ejuf- 

dem ordinis, id eft vel omnes priini ordinis y, z, 

it * 1 t < 

vel omnes fecundi y, y 2 , yz, z 2 , vel omnes tertii 

11 * 11 • * 1 1 1 * 4 

. y, yy, yz, y 3 ,.y 2 z, yz 2 z 3 &c. Et ubi res aliter fe 
habet complendus eft ordo per fubintelle&as fiuxio- 
nes quantitatis uniformiter fluentis. Sic sequatio 

novifiima complendu ordinem tertium fit ^zyy 2 

4 ■ 0*-W <} B f J p. • 

4f r8zy 2 y-j-3Zyy 2 ' l r 1 8zyyy-|^6zy 3 — 54zz 3 = o. 
PROP.IL PROB.IL 

Invenire Curvas qu<z quadfari fojfunt, v 

Sit ABC figura invenienda, BC Ordkatim ap- Kg. 4, 
plica ta re&angula , 8c A B abfeiffa. Producatur 
CB ad E ut fit BE=i, 8c compleatur parallelo- 
grammum A B ED: & arearu ra ABC, ABED 
fluxiones erunt ut BC 8c BE. • Aflumatur igitur 
sequatio quaevis qua rclatio arearum definiatur, 8 c 
inde dabitur relatio ordinatarum BC 8c BE per 
Prop. I. Q. E. I, 

Hujus rei exempla habentur in Propofitionibus 
duabus fequentibus. 



PROP. 
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PROP. III. THEOR. I. 

Si pro abfciffa A B 8c area AE feu ABxr n r 
mifcue fcribatur Z, 8c fi pro e -Ufe* 4-2 Z so JUh 73 „ jS?°" 
fcribatur R: fit autem area Curvae erit 

ordinatim applicata BC — 

9e + L V tls*" tL hz ! ’ + &c. in z «" Rv.. 



Demonftratio. 

Nam fi fit z®R*=v, erit per Prop. i 5 Gzz^'R* 
• * * 

'■-I'^RR*' 1 = v. Pro Ra in primo squationis ter- 
mino 8c z fl in fecundo fcribe RR*' 1 8c zz® 1 , 8c fiet 

ezR -f azR in z®* 1 R\ z - v. Erat autem R = e + f» 

.+gz 2 "-|rhz 3N &c. 8c inde per Prop. i. fit R =: 

» * _ . ■ • * 

wfzz 1 ^ 1 A^.^gzz^ T -pT«hzz 3,rI &c. quibus fubftitu- 
tis & fcripta BE feu i pro z, fiet 

&c. in z«-R»- = v=BC. 

Q. E. D. 



PROP. 
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■ \ " ft 

PROP. IV. THEOR. II. 

- i; i 1 

Si Curvs abfciffa A B fit z, 8c fi pro e-f fz* ^gz 2 " 
’-]~8cc. fcribatur R, 8c pro k-j-Iz«-|-mz 2>, -j” 8cc fcri- 
batur S ; fit autem area Cur vs z 9 R* S* : erit or- 
dinatim applicata BC=, 

f | z- :|-L - * *; ; ; ;i . 

+!. elz* ±i & g lz; " * 1 in z*' , R v, S<‘'‘ 

■ .mu T?* 

MB >J 

-pSfclf 1 ‘^W 



-i-fl emz 2jf -ie gmz 4i, J 

i 2 ^ 11“ S 



Demonftratur ad modum Propofitionis fuperioris. 



PROP. V. THEOR. III. 



Si Curvae abfciffa A B fit Z, 8c pro e-J-fz^-gz 2 * 

-phz 3s -p Sec. fcribatur R : fit autem ordinatim ap- 
plicata zS-R^ in a -j-bz" -\-cz 7 " dz 3rt -fi- & c * & po- 

natur i=r. r-f *=s. s-^>=t. t+*=v.&c. erit area 

*R» in- a _L^ fA .„ , ,d-;fC-lgB-vhA 

r. ==— z , + — ~ z! * 

.+_! ;" ig >4. -1-&C. Ubi A,B, C,D,&c. 

Aa a 
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denotant totas coefficientes datas terminorum fin 
loram in ferie cum fignis fuis -\-Sc — ,nempe A pnV 



_ , nem P e A primj 

termini coeffiaentem ^ B fecundi coefficientem 

C tertii coefficientemi^^T^ 
fic deinceps. 






Demonftratio. 



Sunto juxta Propofitionem tertiam, 



Curvarum Ordinatse 

U fAz, -1 : Lg Az5 * -!1« hAz! " &c - V 

9T5,eBz»^fBz’«;m;gB2»Scc. [ 
+ 0 +2»,eC2 2 ' , fH -2 «fCz 3 « Sec. 

* n Aft 



& earundem ares. 
Az® R\ 



d-M'3«,eDz 3a »Scc. .1 



Bzft" R*. 
Cz 9 +*» R\ 
Dz^ R\ 




Et ft fumma ordiriatarum ponatur sequalis ordi- 
natas aJpbz"^cz 2,, -)-dz 3 »-(- &c. in z^R* -1 , fumma 
arearum z 8 R* in A -j-Bz"-]-Cz 2M -|-Dz 3M -!- &c. aqua- 
lis erit area? Curva? cujus ifta eft ordinata. iEquen- 
tur igitur Ordinatarum termini correlpondentes, & 

% a = « eA , b= + ^fA^eB, c= +2 ^K UfB 

sq^e C &c. Sc inde 5e — A. “ — = 

c— gA— FRTM.fB n — r , . • ■ c 

7 e — — C. Et lie deinceps m infi- 
nitum. 



■■■■H l l 79 l 

nitum. Pone jamjar, r-|-**=s. & 

in area z 9 R* x &c. feribe ip- 

forum A, B, C, &c. valores inventos & prodibit 

feries propolita. Q. E. D. . 

Et notandum eft quod Ordinata omnis duobus 
inodis iu feriem refolvitur. Nam index ” vel affir- 
mativus eft poteft vel negativus. Proponatur Ordi- 
nata — 1 3 *— -q . Hac vel lie feribi poteft 

z -i-x qk^lizXk — Izz^fmz^, vel lie z x - 1 kz a 

xm^lz”' i -hki” 3 | In cafu priore eft a = 3 k. b = o. 

c=-l. e=k. f=o. g=-l. h=m, *=-$. »=i. 

0=-[==r. s=-i. t =-4 v==o. In 
pofteriore eft a=— 1. b— o. c— ^k. e=m. f— — 1. 
g=o. h=i. *=-£ b=-i. 0—1 = 1. 0==^. r=-a. 
s=— 1|. t— — 1 . v— — Tentandus eft cafus uter- 
que. Et ft ferierum alter utra ob terminos tandem 
deficientes abrumpitur ac terminator, habebitur area 
Curva? in terminis finitis. Sic in exempli hujus 
priore cafu feribendo in ferie valores ipforum a, b, 
c, e, f, g, h, r, s, t, v, termini omnes poft pri- 
mum evanefeunt in infinitum 8c area Curve? prodit 
— ay' Origins." , Et hscc area ob lignum negativum 
adjacet abfcilfse ultra ordinatam produ£tse. Nam 
area omnis affirmativa adjacet tam abfcifta? quam 
ordinatae, negativa vero cadit ad contrarias par- 
tes ordinary Sc adjacet abfcilfffi produdtaq manente 
fcilicet ligno Ordinata?; Hoc mo do feries alter- 
utra & nonnunquam utraque femper terminatur 
& finita evadit ft Curva geometrice quadrari po- 
teft. At ft Curva talem quadraturam non admit- 
tit, feries utraq; continuabitur in infinitum. Sc ea- 

A a a. 2 rum 
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rum* altera converget & areamdabit approximw 
pmerquarn ubi r (propter aream infinitam 'i^ 0 ? 
uilul eft vel numems integer Sc negativus, vel uh'f 
squabs eft unitati. Si 2 minor eft unitate, conver 
get feries in qua index » affirmativus eft : ft n ? un j 

te major eft, converget feries altera. In un 0 nd 
aiea adjacet abfciffae ad ufq; ordinatam du£ta ,* 
altero adjacet abfciffce ultra ordinatam produce 5 
Is ota infuperquod fiOrdinata contentum eftVnK 
faaore rational! Q | feflore furdo irreducibili R- 
(k facroris furdi latus R non dividit factorem rating 
lialem Q; erit a— i = t Sc R* _i — R* Sin fadforis fur- 
di latus R dividit fa&orem rationale^ feme! erb 
*— i = T -|- 1 & R V1 ^R^f 1 : ft dividit bis’ erit 
==»-4* 2 & ; ft ter, erit a— i — xi-^ 

& ;R^ I =R'+ 3 : & fic deinceps. 1 

Si Ordinata eft fradtio rationales irreducibilis cum 
Denominatore ex duobus vel pluribus terminis com- 
pofito : refolvendus eft denominator in divifores 
fuos omnes primes. Et ft divifor fit aliquis cui 
null us alius eft aequalis, Curva quadrari nequit : 
Sin duo vel plures fint divifores aequales, rejicien- 
dus eft eorum unus, Sc ft adhuc alii duo vel plures 
fint fib! mutuo sequales Sc prioribus inmquales, ie- 
jiciendus eft etiam eorum unus, Sc fic in aliis omni- 
bus aequalibus ft adhuc plures fint : deinde divifor 
qui relinquitur vel contentum fub diviforibus omni- 
bus qui relinquuntur, ft plures funt, ponendum eft 
pro R, Sc ejus quad rati reciprocum R' 2 pro R^bpraz- 
- terquam ubi contention illud eft quadratum vel cu- 
bus vel quadrato quadratum, See, quo cafu ejus latus 

poiien- 
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ponendum eft pro R Sc poteftatis index a vel 3 vel 4 
negative fumptus pro a. Sc Ordinata ad denomina- 
torem R 1 vel R 3 vel R 1 vel R f Sec. reducenda. 

Ut ft ordinata fit - ^ ; quoniam hax 

fraStio irreducibilis eft Sc denominatoris divifores 
funt pares, nempe z — 1, z — 1, z — 1 Sc z 
z-[ -2 , rejicio magnitudinis utriufque diviforem 
unum Sc reliquorum z — 1, z— 1 , z-\-i conten- 
turn z 3 — 3z-|-a pono pro R Sc ejus quadrat! re- 

ciprccmn -g* feu R— 2 pro R*” 1 . Depn Ordina- 
tam ad denominatorem R a feu R I— * reduco, & 

2 ? ' — QZ^-WSz^ * .. ■ 

- — - id eft zs x 8 - 9 Z ^, Z3 x a - 3 z -ft 

z 3 -3z-(-i] quad.’ 

Et inde eft a — 8. b=— 9- c d— — 1, See. 

e=a. f — — 3. g=o. h — i • A-i = — 2. a— — i-. 

, - 1. g - 1 — 3 . fl = 4 = r. s = 3- t = i. v= 1. Et his 



z* 



terminis om- 



in ferie feriptis prodit area zT — 7-^ , 
nibus in tota ferie poft primum evanefeentibus. 

Si deniq; Ordinata eft fraftio irreducibilis Sc ejus 
denominator contentum eft fub fadtore rationgji Q 
& faftore furdo irreducibili R% inveniendi funt la- 
teris R divifores omnes primi, Sc rejiciendus eft di- 
vifor unus magnitudinis cujufq; Sc per divifores 
qui reftant , ftqui fint , multiplicandus eft faftor 
rationalis Q. : & ft faStum aequale eft lateri R vel 
lateris illius poteftati alicui cujus index eft numerus. 
integer, efto index ille m, Sc erit a— 1 = — m, Sc 

R« = R-”. Ut fi Ordinata fit ^ "^'**=**±*' 1 , 

^,<1— sxyf'cub. a 3 -I'qss— xs 

quoniam 
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quqniam fa&oris furdi latusR feu q9~|-qqx-q xx ~ 
divil’qres habet q+x, q+x, q— x qui duarum f u i 
magmtudinum, icjicio diviloicm unum liuiffnitudi 
nis utriufq; & per diviforem q+x qui relinquitul- 
multiplico faStorem rationalem qq — xx. Et quo 
niam fadum q^qqx— qxx — squale "eft 
ten R,pono m=i. & inde, cum w fit fit wi -J 
Ordinatam igitur reduco ad denominatorem R -4 

& fit Z ° x gq 6 -l- 2 q f 3d~8 q 4 xx 1 - 8 q ; x 3 — yqqx 1 Z6q X f 
x q 3 "l" qqx — qxx — x 5 |“~.Unde eft a = 3 q 6 . b = 2q* & c 
e = q 3 . f = qg Sec. 8 — 1=0. e = 1 = » K = —\. r= r . 
s = |. t= *• v = o. Et his in ferie fcriptis prodit 

ares omnibus in ferie tota 

poft tertium evanefcentibus. 

PROP. VI. THEOR. IV. 

Si Curvae abfcifTa A.B fit z, & fcribantur R pro 
-^gz 2 " -| x hz^“-j- Sec. Sc S pro k -\~ lz" f mz^ 
+nz 3, &c. fit autem ordinatim applicata z^'R^S^ 
in a-^bz" -\-cz. 2il -|-dz 3 « Sec. Sc fi terminorum, e, f, 
g, h, Sec. & k, I, m, n. Sec. redangula fint. 

ek fk gk bk Sec. 

el fl gl hi Sec. 

em fm gm hm Sec. 

en fn g» hn Sec. 



Et 



Et fi re&angulorum illorum coefficientes nume- 
rates fint refpedlive 

J*r. r-+»=s. s-fx = t. t-]-A = v. &c. 
r+o=s. i+„=t. t+f = v. v+^w.Stc. 
s_U ft= =t. t+«*=v. v+<‘ = w. w-j-» = x.&c. 
t_|-^=zv, = w-p^—x. x-j-vt — y. occ. 

area Curvae erit haec 

“a -k — sfkA i r fk T3 — f 1 4 

n & h D — s ' e | ^ a C _^- Is e\ JJ ~-t e m* 1 

z 8 R a S^ m - — .jl " — — ^ 

reR * r-|-i,ek 

—v hkA 

“" £ 1-kg k n — v f gl 

tJ — s-E2jfk/^ — tM-ijfl -D — v"fm 
w ^ — s' -j' 2 , c i ^ — t' m — r ,f, t a 

r+fje k 







Ubi A denotat termini primi coefficientem data/n 

iL cum figno fuo -\- vel — , B coefficientem datam 

fecundi, C coefficientem datam tertii,Sefic deinceps. 
Terminorum vero, a, b, c, Sec. k, 1, m, Sec. unus 
yei pluresdeeflepoflimt. Demonftratur Propofitio 
ad modum precedents, Se quae ibi notantur hie ob- 
tinent. Pergit autem feries talium Propofitionum in. 
infinitum, & Progreffio feriei manifefta eft. 
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PROP. VII. THEOR. v. 

Si pro e ffo-1-gz4- &c. fcribatur R ut fu „ 
in Curv* alicujus Ordmata zri>R^ T 
quantitates dots 9 , *, e, f, g, See. & pro , ac T fof 
bantur lucceffive numeri quicunq; integri : & r 
detui aiea unius ex Cur vis qu* per Ordinatas ii 
numeras fic prodeuntes defignantur fi Ordinate w 
duorum nominum in vinculo radicis, vel fi demur 
are* duarum ex Curvis fi Ordinat* funt trium no 
minum in vinculo radicis, vel are* trium ex Curvk 
fi Ordinat* funt quatuor nominum in vinculo raefi 
CIS, Sc fic deinceps in infinitum : dico quod datum" 
tur are* curvarum omnium. Pro nominibus hie 
habeo terminos omnes in vinculo radicis tam de- 
ficientes quam plenos quorum indices dignitatem 
f unt in prog remone arithmetica. Sic § ordiE 
— ax 3 ~|-x 4 ob terminos duos inter a 4 & —ax 3 
deficientes pro quinquinomio haberi debet. At 

Va 4 -|-X4 binomium eft Sc VaCfx 4 -— X 1 trlnonium, 

cum progreffio jam per majores differentias proce- 
dat. Propofitio vero fic demonftratur. 

CAS. I. ' 

Sun to Curvarum duarum Ordinat* pz 6 * 1 R^ 1 8c 
qz 9 1 "* I R*' 1 , Sc are* pA Sc qB, exiftente R quanti- 
tate trium nominum fz** — | — gz 2 *. Et cum per 

Prop. 
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Prop. III. fit z s R K area curv* cujus Ordinata eft 
^ nz9 ' I ^'S^ t ^ uc Grdinatas & areas 
priores de" area Sc Ordinata pofteriori, Sc manebit 
ac +9 fz» -H gz ’ 2 ” in ?, K ' 1 R VI Ordinata nova Curv*, Sc 

— P "ifJw o 

— qz« 

— pA — qB ejufdem area. Pone fle=p Sc 
af^*,f4q Sc Ordinata evadet 9 gz 2 ” in z^R* 1 , & 
area z 9 R*— seA— afB— ^fB. Divide utramq; per 
og-j-^Awg, Sc aream prodeuntem die C, Sc aflumpta 
utcunq; r, erit r C area Curv* cujus Ordinata eft 
rz 9-^iRA-q Et qua ratione ex areis pA Sc qB 
aream rC Ordinat* tF&r 1 R^ 1 congruentem inve- 
nimus, licebit ex areis qB Sc rC aream quartam 
puta sD, ordinat* sz 9 ^*®** 1 congruentem invenire, 
8c fic deinceps in infinitum. Et par eft ratio pro- 
greffionis ab areis B Sc A in partem contrariam 
pergentis. Si terminorum 8,8-)- M ,Sc e-|- 2 A» aliquis de- 
ficit & feriem abrumpit, aflumatur area pA in prin- 
cipio progrefiionis unius Sc area qB in principio al- 
terius, Sc ex his duabus areis dabuntur are* omnes 
in progreffione utraque. Et contra, ex aliis duabus 
areis aftumptis fit regreffus per analyfin ad areas A 
Sc B, adeo ut ex duabus datis c*ter* omnes den- 
tur. Q. E. O. Hie eft cafus Curvarum ubi ipfius z 
index 8 augetur vel diminuitur perpetua additione vel 
fubduStione quantitatis ». Cafus alter eft Curva* 
mm ubi index x augetur vel diminuitur unitatibus. ' 

Bbb CAS r 

V.. ■-- gw ijLlJpSi 
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Ordinal pz^’R* & qzHr^R* , quibus are® pA 
& qB jam refpondeant, li in R.feu e^fz^-gz 2 '’ ^ u . 
cantur ac deinde ad R viciffim applicentur, eva- 
dunt pe -j~ pfz« -p pgz 2H x z 9 , R AI & qez»> ~p qf Z 2„ 
-J-qgz 3 ” X z 01 R VI . Et per Prop. III. eft az^fb 
area Curv® cujus Ordinata eft #ae ^ afzVj.J agz* 
in z to R VI -, & bz 9 +"R A aj- ea Curv® cujus ordinata 
eft _j.Jbez" ;j:®bfz 2 " jjjbga*" in z fl £R A1 . Et harum qua- 

i*7v« d-^n 

tuor arearum fumma eft pA-j-qB^ az 9 R A -[-bz s d»Rv 
& iumma refpondentium ordinatarum 




Si terminus primus tertius & quartus ponantur ie- 
orfim ®quales nihilo, per primurn fiet *ae-j~pe=o . 
feu — fla = p, per quartum - 9 b— «b- = q , & per 

tertium (eliminando p & q) ~r = b, Unde iecmidus 
fit wff 7 4A -q adeoq; fumma quatuor Ordinatarum eft 

fumma totidem refpondentium 

arearum eft a z 9 R* -)- ^ 2 e+» Rv-sa A— : 29 - - agB. 

Divf 
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Dividantur hse fumma per f- *T w , & fi Quotum 
pofterius dicatur D, erit D area curv® cujus ordi- 
uata eft Quotum prius z^R**. Et eadem ratione 
ponendo omnes Ordinata terminos prater primurn 
®quales nihilo poteft area Curv® inveniri cujus Or- 
dinata eft Dicatur area ifta C, & qua ra- 

tione ex areis A & B invent® funt are® C ac D, ex. 
his areis C ac D inveniri poffunt ali® du® E Sc F 
ordinatis z 6 ' x R A ' 2 & z 9 +«- T R A ’ 2 congruences, & iic de- 
inceps in infinitum. Et per ana ly fin contrariam 
regrcdi licet ab areis E&F ad areas CacD, & 
inde ad areas A &B r aliaiq; qu® in progreffione fi> 
quunturf Igitur ft index x perpetua unitatum ad- 
ditione vel fiibdu&ione augeatur vel minuatur, & 
ex areis qu® Ordinatis fic prodeuntibus^ refpondent 
du® fimpliciftim® habentur ; daiitur ali® omnes in 
infinitum. Q. E. O. 



C AS. III. 

Et per ealus hofce duos conjuricftos, ft tarn in- 
dex s perpetua addltione tel lubduitione iplius », 
quam index x perpetua addltione vel iubdu&ione 
’ Unitatis, utcunq; augeatur vel minuatur, dabuntur 
are® fingulis prodeuntibus Ordinatis' refpondentes. 

•Q. E. O. 



B b b 2 



CAS \ 
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CAS. IV. 

Et fimili augmento fi ordinata conftat ex am 
tuor nominibus in vinculo radicali & dantur tre 
arearum, vei fi conftat ex quinq; nominibus & 
dantur quatuor arearum, Sc fic deinceps ; dabun- 
tur are# qmnes quae addendo vel fubducendo nume- 
rum n indici a vel unitatem indici >, generari poflunt 
Et par eft ratio Curvarum ubi ordinatae ex binomiis 
eonflantur, Sc area una earum qua non funt geome- 
trice quadrabiles datur. Q.E. Of 

PROP. VIII. THEOR. VI. 

Si pro e-^ fz n gz 2 " See . Sc k -\- lz» -\- mz 2 * _L& C> 
feribantur R Sc S lit lupra, Sc in Curvae alicujus Or- 
dinata maneant quantitates data o 

JS S **■> e > fj g 5 I, m, See. 8c pro t 7 Sc feri- 
bantur fucceffive numeri quicunq; integri : 8c fi 
dentur ares duanjjja ex curvis quae per ordinatas 
fic prodeuntes"defignantur fi quantitates R 8c S font 
binomia, vel fi dentur ares trium ex curvis fiR 
Sc S conjundim ex quinq; nominibus conftant, vet 
areas quatuor ex curvis fi R Sc S conjun&im ex fex 
nominibus conftant, Sc fic deinceps in infinitum : 
dico quod dabuntur area? curvarum omnium. 

Demonftratur ad modum Propofitionis fuperioris. 

PROP. 

/ ' • . ■ • : 
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prop. ix. theo® vn. 

JEquantur Curvarum are® inter fe quarum Or- 
dinate funt reciproce ut fluxiones Abfcififarum. 

Nam contenta fub Ordinatis Sc fluxionibus Ab- 
feiflarum erunt aequalia, Sc fluxiones arearum funt 
ut hsec contenta. 

CORQL. I: 

Si aflumatur relatio q use vis inter Abfciflfas dua- 
rum Curvarum, Sc inde per Prop. i. quseratur 
relatio fluxionum Abfciffarum, Sc ponantur Ordi- 
natae reciproce proportionals fluxionibus, inveniri 
poffunt innumerae Curvae quarum areae fibi mutuo 
aequales erunt. 

CORQL. II. 

Sic enim Curva omnis cujus haec eft Ordinata 
z®- 1 in e-i-fz^+g^ + Scc.j" aflumendo quantitatem 
quamvis pro > Sc ponendo J=s Sc z s -x, migrat in 
aliam fibi aequalem cujus ordinata eft £ x dbiH in 
e ft- f xCp gx 2!, -|-.Scc.| A -- 
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COR.OL. III. 

fit Curva omnis cujus Ordinata eft z u i n 

a cz 5 ^ Sec x e"_(_tz«-|-gz 2 « ^Kaftumen- 

do quantitatem quamvis pro y Sc ponendo n~s & 

ff v ' 

2 , 5 = x, migrat in aliam fibi cequalem cujus ordinata 
~x r -~p in a-p bx r -p ex 21 ' -\- See. xe -p fx v -|- gx*^&cp 

COROL; IV. 

Et Curva omnis cujus Ordinata eft z 6 - 1 j n 
a + bz”~-p- cz 2 " See . x e -p iz» -p gz 2 « -p 
x k q- lz" -f. mz*f 4~ &cp, aftumendo quantitatem 
quamvis pro ^ & ponendo s & z s ~x, migrat in 
aliam fibi Squalem cujus ordinata eft -Vi^q n a+bx, 
-Pcx^-p ' &c. xe q-fx 11 -pgx 2 ^p&cf xk^Ix^-mx^^pfcif 

e o R O L. V. 

Et Curva omnis cujus Ordinata eft z 9 ' 1 in 
e^pfz" -j- gz 2 »-p &c.| A ponendo z— x migrat in 

aliam fibi aequalem cujus ordinata eft x^P^' 

^-gx^ + , 5 c ? id eft Tff^*f+ H* fiduofim t 

nomina in vinculo radids vel x m-i+« x I 

fi tria funt nomina ; Sc fic deinceps. 



C0- 



£t Curva omnis cujus Ordinata eft z®' 1 in 
e~pf z M ~p gz 2n -p &c.|* x k -\- lz” -\- mz 2 pp Seep 
ponendo z = x migrat in aliam fibi cequalem cu- 
jus ordinata eft — p- * e -p fx' n -p gx' 2 ” -p &c.j A 

xk-pix- ft p-mx' 2 «-p &c .| lJ ^ eft * f-pixf 

xl-pkxp fi bina iunt nomina in vinculis radicum, 

vel x gq-ix» q- ex 2 p x 1-pkxf* fi tria 

funt nomina in vinculo radicis prioris ac duo in 
vinculo pofterioris : & fic in aliis. Et nota quod 
areae duae aequales in lioviffimis liifce duobus Co- 
rollariis jacent ad contrarias partes ordinatarum. 
Si area in alterutra curva adjacet abfeiflee , area 
huic sequalis in altera curva adjacet ablcifTse pro- 
du£ta\ 

COROL. VII. 

Si relatio inter Curvse alicujus Ordinatam y Sc 
Abfciffam z definiatur per cequationem quamvis 
fedtam hujus forms, y a in e -p fy^-pgy^z^-p hy 3H z 3 ^ 
4" &c. - z 3 in k 4~ ly*z^ 4 J my 2 »z^ -p Sec. hac 
figuraaffumendo s = !=f, x=|z s &x=^ s , migrat 
ia aliam fibi asqualein cujus Abfcifla x,*ex data 

Ordinata 
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Ordinata v , determinatur per aequationem non 
afte&am p** x e-| ft *4- gv 2 "^ hv 3 * -j- &c.l A xXTjT^ 

t +xnv a "-|- & c r-x. 

co rojo. viil 

ak ^-?^ 0 inter Cur vae alicujus Ordinatam y & 
Ablciftam z definitur per aequationem quam vis 
afte&am hujus formae, y“ in fy ”7/ 4 - gy^z 2 ^ p. 

~ 7P i° k 4~ my 2 »z^i-p&cT -j-z^ in p44jyv 

-|- ly u z^-J- &lc. haec figura affumendo s = ^ x — V 

... n **+*, . . ^ ^ sZ J 

^ - migrat in alxam fibi aqualem 

cujus AbfcifTa x ex data Ordinata v determinatur 
per aequationem minus affeftam v* in e + f v »-)-g V * 

.Hr & c * = in k 4- lv" 4- mv M 4- Sec. -U 3 v ; n 
p + qv.-j-rv\+&c. * 

COROL. IX. 

Curva omnis cujus Ordinata eft in 
' e £ fgl &c - x e -|- f z" -f- x 

|a b |ez- -|- gz'l-» & C .| T |“, fi fit j = 'x & 

aflumantur x = ez" 4 ^ TzF^ gz^ 2 " T , ff ~; 
& 9 — t~I, migrat in aiiam fibi arqualem cujus;ordi- 
nata eft x r * x a-q-bx^j *. Et nota quod ordinata prior- 

in 



C 193] 

in hoc Corollario evadit fimplicior ponendo x=i, 
vel ponendo t= 1 & efficiendo ut radix dignitatis 
extrahi poffit cujus index eft vel etiam ponendo 
= i — '==*., ut alios cafus prate- 

ream. 

COROL. X. 

Pro ez v 4- fzM-» gz^' 2 « &c. ^ez'" 1 ^fz*** 1 

gzr^ 1 4- &c. k -j- lz« ~j- mz 2 » 4- 8cc, & dz^ 1 
4- a»mz a *' I 4-^P r feribantp R, r, S & s refpe&ive, & 
Curva omnis cujus ordinata eft ^Sr 4^ * Rs in R*"‘ S*T* 
x aS u 4-bR r | , fi fite* = j = !,r=;ff,^ = ■■»-, 

& R*S? = x, migrat in aiiam fibi sequalem cujus or- 
dinata eft x? x a-^bx^f". Et nota quod Ordinata 
prior evadit fimplicior, ponendo unitates pro t, &, 
& * vel ^ & faciendo ut radix dignitatis extrahi 
poffit cujus index eft vel ponendo *• ■ == — 1 vel 

6t= O, 

PROP. X. PROB. III. 

• A ~ . - . - 

Invenire figuras fimpliciffimas cum qulbus Curva 
queevis geometrice compari poteft, cujus ordinatim 
applicata y per aequationem non affe&am ex data ab- 
feifta z determinatur. 



C c c 



CAS. 
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CAS. I. 



Sit Ordinata az 3 ' 1 , & area erit e -az 3 , ut ex Prop V 

ponendob=o=c=d = f=g = h &e=i, facileVol-' 
ftgitur. 



0 A S II. 



Sit Ordinata az 0 - 1 x Sec. & (T 

curva cum figuris redlilineis geometrice comparari 
poteft, quadrabitur per Prop’ V. poneriSo b= 0 «c 
i=d. Sin minus convertetur in aliam curvam fibi 
aequalem cujus Ordinata eft x e-fttxq-gx’&c.l*' 1 
per Corol. %, Prop. IX. Deinde ft de. dignitatum 
finKahw te& * r -i per Prop. VH. rejkiantar um- 
tates donee dignitates illse fiant quain minima, de- 
venietur ad figuras fimpliciffimas quae hac ratione 
colligi poftiint. Dein haruin unaquaeq; per Corol. 5. 
Prop. IX- dat- attSm quae nonnuiiquam fimplicior 
eft. Et ex his per Prop. III. Sc Corol. 9 & ro, 
Pi;Qp. IX. inter ie collatis, figure adhuc fimplidores 
qu^oo; prodeunt. Deniq; ex figuris ftmplicif- 
fimis aftumptis fa£to regreftu computabitur area 
quafita. 



CAS. 



Sit Ordinata z 6 ' 1 x a + bz" r |- cz 2 " 8c c. 

* e-^fz" + gz 2H +■ l 5 Sc haec figura ft quadrari 

poteft, quadrabitur per Prop. V. Sin minus, di- 
ftinguenda eft ordinata in partes z 9 ' 1 x ax e -|-fz M 



q- gz 2 » q- z®- 1 x bz» x e q- fz» f-g I^q-SccJ*' 1 , 

&c. & per Caf. 2. invenienda; funt figure fimpli- 
ciffimae cum quibus figurae partibus illis refpon- 
dentes comparari poftunt. Nam ares %urarum 
partibus illis refpondentium fub fignis fuis 4“ &— s ‘ 
conjunStae component aream totam quseiitam. 



CAS. IV. 



Sit Ordinata 



_ _ .. -j- b z*» q - cz 2 » q- &c x 

e-|- fz" q- gz 2 « -ft Scc.| K ' £ x k q- 1 z H q~mz 2K q-$cc.| v 1 : 
Sc ft Curva quadrari poreft, quadrabitur per Prop. VI. 
Sin minus, convertetur in fimpliciorem per Corol. 4. 
Prop. IX. ac deinde corfiparabitur cum figuris firm 
pliciffimis per Prop. VIII/ Sc Corol. 6, 9 8c io. 
Prop. IX. ut fit in Cafu 2 Sc 3. 

a a s v. 

Si Ordinata ex variis partibus conftat , partes 
lingulae pro ordinatis curvarum tot idem habendse 
funt, Sc curvae illae quotquot quadrari pofiimt,figillm 

C c c 2 tim 
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tim quadrandae funt, earurnq; ordinate de ordinal 
tota demendse. Dein Curva quam ordinate pars 
refid ua defignat feorfim ( ut in Cafu a, 2 & 4 \ 
cum figuris fimpUriffimis comparanda eft cum qui 
bus comparafi poteft. Et fumma arearum omnium 
pro area Cur vac propofite habenda eft. 



COROL. I. 



Hinc etiam Curva .omnis cujus Ordinata eft rat 
dix quadratica affeda aequationis fuoe, cum figuris 
fimpliciffimis feu redilineis leu curvilineis com- 
pari poteft. Nam radix ifta ex duabus partibus 
femper conftat quae feorftm fpedatae non funt aqua- 
num radices attedae. Proponatur aequatio aayy 
r (-zzyy = 2a 3 y -j -^y-z 4 , & extrada radix erit 
a* 4*' W aCpaz^r 4 cujus pars rationalis 

y ~ — aa tl r " 

o * / 1. aVa 4 +aaz*-tf , 

aa ~ j-z2 & pars irrationalis funt 

ordinatae curvarum quae per hanc Propofitionem 

vel quadrarippiTunt vel cum figuris fimpliciffimis 

comparari cum quibus collationem geometricam ad- 

mittunt. 



'COROL, II. 



Et curva omnis cujus Ordinata per aequationem 
quamvis affedam definitur quae per Corol. 7. Prop. 
IX. in aequationem non affedam migrat, vel qua- 

dratur 
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dratur per hanc Propofitionem li quadrafi poteft vel 
comparator cum figuris fimpliciffimis cum quibus 
compari poteft. Et hac ratione Curva omnis quadra- 
tur cujus aequatio eft trium terminorum. Nam aqua- 
tio ilia ft affeda fit tranfmutatur in non affedam per 
Corol.7. Prop. IX. ac deinde per Corol. 2 & 5. Prop. 
IX. in fimplicffimam migrando, dat vel quadratu- 
ram figure fi quadrari poteft, vel curvam fimplicif- 
firnam qua cum comparatur. 

COROL. III. 

Et Curva omnis cujus Ordinata per aequationem 
quamvis affedam definitur quae per Corol. 8. Prop. 
IX. in aequationem quadraticam affedam migrat ; 
vel quadratur per hanc Propofitionem & hujus Co- 
rol. 1 . fi quadrari poteft, vel comparatur cum figu- 
ris fimpliciffimis cum quibus collationem geometri- 
cam admittit. 

SCHOLIUM, 

Ubi quadrandae funt figurse'; ad Reguias hafce 
generates femper recurrere nimis moleftum effet : 
prseftat Figuras quae fimpliciores funt & magis ufui 
effe poffunt femel quadrare & quadraturas in Ta- 
bu lam referre, deinde Tabulam confulere quoties 
ejufmodi Curvam aliquam quadrare oportetr. Hu- 
jus autem generis funt Tabulae duae fequentes, in 
quibus z denotat Abfciffam, y Ordinatam redan- 

gulam 
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gu am jk t Arcam Curv* quadrand®, & d e f a 
g- h, * funt quantitates data cum %nis fuis-|-&-L Sl 



tabula 

Curvarumjimplic tor urn qua quadrari poffunt. 

Cur varum form®. Curvarum are®. 

Forma prima. 

dzB ‘ I= y- U v = t. 

Forma fecunda. 

dz^ 1 ^ dz H 4 — d 

ec^2efo, r |-ftz2 = J * «ee-l- n efz H — t, Vel 

Forma tertia. 




i . dz.” \/e-|-’fz»= y 
dz?? Ve4~fz M = y. 



t, exiftente R =ye!pj« 






io 5H f 3 CliV 5 — t. 

.9ge9^-i44,eefzi)— iSoeffza>r|- 2 iof;z^ M 



Forma quarta. 




"dz 3 *" 1 

jz 4rl , 

tzjj 



= y* 
y* 
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1 ( 5 ee~Scfz„-|- 6ffz2 (r 

^ d R - t. 

— 96ej-l-48eefzM— 3<5effz2,r|-3of3Z3 M 
io^ n f4 



d R = t. 



TABULA 

Curvarum Jimpliciorum qua cum Ellipji 
Hyperbola compart poffunt. 



Sit jam aGD vel PGD vel GDS Se&io 
Conica cujus area ad Quadraturam Curvse pro- F/>. 
pofitae requiritur, fitq* ej us centrum A, Axis Ka, 
Vertex a, Semiaxis conjugatus AP, datum Abfciff® 
principium A vel a vel ; «, Abfcifla AB vei a B vel 
«B = x , Ordinata re&angula BD = v, & Area 
AB D P vel a BDG vel « BDG — s, exiftente a G Or- 
dinata ad puncftum *. Jungantur KD, AD, aD. Du- 
catur Tangens DT occurrens Abfciffe AB in T 
& compleatur parallelogrammum ABDO. Et 
iiquando ad quadraturam Curvse propofit® requi- 
runtur are® duarum Seaionem Conicarum, dica- 
tur pofteriorfc AbfcijflTa Ordinata r, & Area 
Sit autem-^ differentia duarum qua ntitatum ubi in- 
certum eft utrurii pofterior de priori an prior de po- 
fteriori fubduci debeat. 

Curva- 




For ma 
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In Tabulis hifce, feries Curvarum cujufq; formas 
utrinq; in infinitum continuari poteft. Scilicet 
jn Tabula prim a, in numeratoribus arearum for- 
mx ter tire Sc quarts, numeri coefficientes initialium 
terminorum (2,— 4, 16,-96, 868, Sec.) generan- 
tur multiplicando numeros — 2, — 4, — 6, — 10, Sec. 
in fe continue, & fubfequentium terminorum coef- 
fidentes ex initialibus derivantur multiplicando 
ipfos gradatim, in Forma quidem tertia , per — % 

— — s> —To &c. in q uai ;ta vero per — 1, — \ > 

* — I*, — &c. Et Denominatorum coefficientes 

3 15 105, See. prodeunt multiplicando numeros 
1, 5, 5, 7, 9, &c. in fe continuo. 

In fecunda vero Tabula, feries Curvarum format 
prim*, fecund*, quint*, text*, non* Sc decim* ope 
folius divifionis, St formas reliqu* ope Propofitio- 
nis tertice Sc quart*, utrinq; producuntur in in- 
finitum. 

Quinetiam has feries mutando fignum numeri , 
variari lolcnt. Sic enim, e. g. Curva |Ve-j Tz"- y, 
evadit -A— \jt-yez*. 

PROP. IX. T H E O R. VIII. 

'Sit ADIC Curva (Juaevis Abfciflam habeas#, Q 
AB— z 8c Ordinatam BD=y, Sc fit AEKC Curva ‘ 
alia cujus Ordinata BE *qualis eft prioris are* 

ABC 
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ADB acl unitatem applicate, ScAFLC Curva 
tertia cujus Ordinata B F squalls eft fecund® are® 
A E B ad unitatem applicate, Sc A G M C Curva 
quarta cujus Ordinata BG squalis eft terti® are® 
AFB ad unitatem applicate , ScAHNC Curva 
quinta cujus Ordinata BH cequalis eft quart® are® 
AGB ad unitatem applicate, Sc fic deinceps in 
infinitum. Et funto A, B, C, D, E, Sec. Ares Cur- 
varum Ordinatas habentium y, zy, z'y, z 3 y, z’y, 
Sc Abfcififam communem z. 

Detur Abfcifta qusvis AC— t, fitq; BC — t-— z 
= x, Sc funto P, Q, R, S, T ares Curvarum Ordi- 
•uatas habentium x, xy, xxy, x J y, x 4 y Sc Abfcillam 
communem x. 

Terminenter autem hse ares omnes ad Abfeiftam 
totam datam A C, nec non ad Ordinatam pofitione 
datam Sc infinite produtftam C I : Sc erit area rum 
iub initio pofitarum prima ADIC=A=P, fecunda 
AEKC==tA — B=Q.Tertia AFLC- - ~R. 

Quarta ={,. Quinta 



IHNC = ' T 

44 ^ x 



CO- 
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COROL. 

Unde ft Curva quarum Ordinate funt y, zy, 
z?y,' z ? y, Sec. vet y, xy, x*y, x ? y, See. quadrari 
poffunt, quadra buntur etiam "Curvae ADIC, AEKC, 
AFLC, AGMC,&c. Sc liabebuntur OrdinafpBEj 
BF, BG, BH areis Curvarum proportionates. 

SCHOLIUM. 

Quantitatum fluentium fluxiones efife primas y 
feeundas, tertias, quartas , aliafq; diximus fupra. 
H® ftuxiones funt ut termini ferierum infinita- 
rum convergentium. Ut fi z»fit quantitas fluens Sc 
fluendo evadat z.-fto|«, deinde refolvatur in feriem 
convergentem z*\ «oz rl -|- “-ooz M3 - = ^±dilo ; z’ 1 ' 3 

4- Sec. terminus primus hujus feriei z" . erit quan- 
titas ilia ftuens, iecundus bqz "' 1 erit ejus incremen- 
tum primum feu differentia prima cui nafeenti pro- 
portionalis eft ejus fluxio prima', tertius —2. oz ,! * £ 
erit ejus incrementum fecundum feu differentia le- 
cunda cui nafeenti proportionals eft ejus fluxio 
fecunda, quartus * 3 "~ 3 ” -o 3 2 ^ erit ejus increment 

turn tertium feu differentia tertia cui nafeenti - 
fluxio tertia proportions lis eft, Sc fic deinceps itl 
infinitum. 



[ Exponi 
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•Exponi autem poffunt hxHuxioncs per Curvar.,,,, 
•Ordinaras BD, BE, BF, BG, BH, &c U t fi 

Ordinata BE (=^ ) fit quantitas fluens , erit 
cjus fluxio prima ut ordinata B D. Si B F ( — AEB j 

fit quantitas fluens, erit ejus fluxio prima ut Or- 
dinata BE & fluxio fecunda ut Ordinata BD. Si 
B H (~ ) lit quantitas fluens, erunt ejus fluxio- 

ues, prima, fecunda, tertia & quarta, ut Ordinal* 
BG, BF, BE, BD refpe&ive. 

Et hinc in asquationibus qu* quantitates tanturn 
duas incognitas involvunt, quarum una eft quan- 
titas uniformiter fluens 8c altera eft fluxio quaelibet 
quantitatis alterius fiuentis , inveniri poteft fluens 
ilia altera per quadraturam Curvarum. Exponatur 
eniin fluxio ejus per Ordinatam BD, Sclihcecfit 
fluxio prima, quseratar area ADB=BExi, fi 
fluxio fecunda, quseratur area AEB=JB Fx i, fi 
fluxio tertia , quseratur area AFB — BGxi, See. 
& area inventa erit exponens fiuentis qusefit*. 

Sed Sc in scquationibus quae fluentem 8c ejus 
fluxionem p rirtrarn "line altera fluente, vel duas 
ejufdem fiuentis fluxiones, primam 8c fecundam, 
vel fecundam 8c tertiam, vel tertiam. 8c quart am, 
Sec. fine alterutra fluente involvunt : inveniri pof- 
funt fluen tes per quadraturam Curvarum. Sit 

aequatio aav — av -\-* vv , exiftente v = BE, 
v =BD, z— AB & z = i, & aequatio ilk com- 
plendo dimenfiones fluxionum, evadet aav = avz 

vvz, feu =^' J am fluat v uniformiter * 
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ft ejus fluxio V=I &fflk a -^=z, & quadrando 
Curvam cujus Ordinata eft Sv ^- T .- 8c Abfcifla v, ha- 
bebitur fluens z. Adhaec fit aequatio aav^avfl-vv 
exiftente v— BF, v— BE, v— BD & z=AB 8c 
per relationem inter v 8c v feu B D & B E invenie- 
tur relatio inter A B & BE ut in exemplo fuperiore. 
Deinde per hanc relationem invenietur relatio in- 
ter A B Sc BF quadrando Curvam AEB, 
JEquationes quae tres incognitas quantitates invol- 
vunt aliquando reduci poifunt ad aequationes quae 
duas tantum involvunt, & in his cafibus fluentes 
invenientur ex fluxionibus ut fupra. Sit aequatio 
a — bx m =cxy«y +dy 2rt yy, Ponatur y»y=v & erit 
a — bx m cxv-j-dvv. H*c aequatio quadrando Cur- 
vam cujus Abfcifla eft x Sc Ordinata v dat aream 
v, Sc aequatio altera y«y=v regrediendo ad fluentes 
dat jdjpd* 1 “V. Unde habetur fluens y. 

Quinetiam in *quationibus quae tres incognitas 
involvunt Sc ad aequationes quae duas tantum in- 
volvunt reduci non poflunt , fluentes quandoq; 
prodeunt p er quadraturam Curvarum. Sit squatio 

ax ra -j- bxf 1 = r ex r_I y & -\- s ex r y y 5 - 1 — fyy c , exiftente 
* 

x= i.Et pars pofterior rex w y s '|-sexryy s ' 1 — fyy £ , 
regrediendo ad fluentes, fit exry s — JL mn* 

. 7 J t i-i y •> q UtC 

proinde e ft ut area Curv* cujus AblcifTa eft x Sc 
Ordinata a x m I- bxf’, 8c inde datur fluens y. 

Fee 



Sit 
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Sit aequatiox x ax m -j- bx"j p = JUa: L. g 

v^RS m 

cujus fluxio eft x xax™-j-bxf erit rut area Curvs 

cujus Abfcifta eft x Sc Ordinata eft ax ra -“pbvjp 

Item fiuens cujus fluxio eft er | ut area Curv* 

cujus Abfcifta eft y 8c Ordinata y eft 

( per Ca fum i. Forms quarts Tab. I.) ut area 

SVe^"* Pone ergo squalem ares 

Curvs cujus Abfcifta eft x 8c Ordinata ax™-)-. bx"J ? 
& habebitur fiuens y. 

Et nota quod fiuens omnis qua exfluxione priina 
eolligitur augeri poteft vel minui quantitate quavis 
non iiuente. Qua ex fiuxione fecunda eolligitur 
augeri. poteft vel minui quantitate quavis cujus 
fluxio fecunda nulla eft. Quae ex fiuxione tertia 
eolligitur augeri poteft vel minui quantitate quavis 
cujus fluxio j&'tia- -nafia eft, Et fie deinceps in in- 
finitum. 



Foftquam vero fluentes ex fluxionibus colMae 
funt 5 ft de veritate Conclufionis dubitatur, fluxio- 
nes fiuentium inventarum viciffim colligends funt 
& cum fluxionibus fub initio propofitis comparand*. 

Nam ft prodeunt Equates Conclufto rede fe ha- 

bet: 




Quad/: Tal’I. 



ili 




Ife Etflu - 

■fit 'ut area Curv# 
1 eft ax 5 "-!- bx»j p . 
£iit ut area Curvse 



Lta id eft 

Ve-l-fy # 5 

Tab, I.) ut area 
y” sequalem are# 
linata ax”^- bx«| ? 



ex fluxione prima 
quantitate quavis 
feeunda colligitur 
"ate quavis cujus 
ex iiuxione tertia 
quantitate quavis 
Tc dein ceps in in- 



xionibus col lefts 
iubitatur, fluxio- 
l colligend# funt 
ilitis comparand#, 
ulio rede fe ha- 
bet: 




Quad/: Tald. 
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bet : fin minus , corrigenda* funt fluentes 
earum fluxiones fluxionibus Tub initio propc 
sequentur. Nam & Fluens pro lubitu affumi po- 
teft & aflumptio corrigi ponendo fluxionem flu- 
entis a flu nipt® aequalem fiuxioni propofitce, & ter- 
minos homologos inter fe comparando. 

. Et his principiis via ad majors fternitur. 





ERRATA 



‘ BOOK I. OfOpkks. 

T) Ait I. p,j. S.20. Properties which, ib.p.5. 1.5, and that C, p.6. I.o. HE, d, 2 i 1 -j, 
i an mo fy? s t P*®7> 1-6. is (fe Margin put Fig. 14 © 1 5, p.30.1.7. Atjv I o V n ' 
44. & tvss propofe d , p.52. I.17. a%£r eJgZ^’Xit 

cmmnmtb tk, p.64. I.18. and 14 th, p .6$. i.13. at the, p.66 . 1 .jJeiiAiJLr® £&’ 
i.35. Center, I.31. /» c £ej, p.68. 1.8. ro 16, 1.9. or 5}, p.jul.i. bifia, P.72J.13! 
jails, I.20. being, part 11. p.8(S. I.5. Mopipeie, p.89. l.p. made by, p.93. l.i 8. ra 77 i. 
1.28,29, by the third Axiom of thefirfi Fan of this Booh, the Law, p^o<. I.e. Fee ret, re 
fented, p. 144. u 24 , ^ ft, a i, ft, a p. 118,119- for Lii-ii. LiU S 
Part 1* Part 2* p*X22, 1.9 -hidico, p. 130. U9. ro rfo 5,132. L6. by the bright^ 

■tiefs, p.135. 1.14* Per f/ iw rk, 5*136, K26* j?r/f Par*, U7. lights 

5.137, L2o-gr«» f accordingly m, p* 138* U 21, Props* Fm. 2. 5,139* L^. 

P* 142 * 1 . 1 7 .xr ttfc' 4 ' toe tow, p. 143 * !- 7 * Li6*ftvMt Lights, La 4; of white* * 

BOOK. II* 

P.5. 1* ^nicely tfe, p* 7* ^ 'denote, I.2S. thm diverse 10, 1* 24, tooo ro 1024 

p.n. 1*1 1* oliquities, L 5*17. 1*4.14^09* 5.25*1*11, 10^ 5.31*1,12, more com' 
pounded, 5.55.1,3* fixesrefleft, L24. and therefore their Colours drift, 5,35, Lfccorpuft 
chs can, 5,71,1*17. given breadth , p.§4* 1* 4* are rorfco/e, p. 96, L 24, tfjytogriow 0/ 
tJbrf Part of tbit Booh, p.103* I.17. was to the tbkhipfs, p, 105* I* 19, of this white Ping, 
p,i07* L20. become equal to the third of theft * 

Enumerate Limarttm . 

p.143* I.20. datas fignisfttis, p. 144* J* 2 7* refpicwtt, p* 14& 1 - 5 * jo#* 5* 

154* I.13* Qrdinatamy ^ f 1*14. jw^ewerdfitr. 

Quadrature Curvarum - 

^ I A £. 

£.i68.1.24.rt!&* w 4 F,p.i 75 . 1 .Hlt. ^ IZ" ^.183,1.13, e >f, 5 & c - M> m > 
&c. p. 185. 1.4. in 2 9 -i» p.188. 1,14. 28 Jr ««-, p. 190. 1. 19. vet 
p. 192. 1 . 18. g^,p "H— 2|j. p.193. Lii.,aStrl-bRr/ 6 ’* 





